Clinical
Pathology

for the Vetennary Team

Andrew J. Rosenfeld
and Sharon M. D,IEIT '

M WILEY-BLACKWELL

.



Clinical
Pathology

for the Veterinary Team

L
=,
3]
&
&
=
=3
=)
L
=3
=
(=2
-
o
=
=
o
-
_‘
g
=

E I — Andrew J, Aosenteld
: el Sharon M. Dial
The s
s [AAL P Diiruraian APV ADaf ol Feuiicir Pk
Apgled Fiax =
Paiavinary dlacicn’ P Hasciiook Qa
o R
Famreegry Topymsches Dl Dpleraroy Dyl (aming: gron' Fply, Spoond Sxipie |! ﬁ
m
a
el e l-“u“" i WILEY-




P O TENOTESFH [2: OFTE
fim BLBSES S-Raosenteld il 12, 2008 LA B Trem: Sddmmm = 17 2imum

Clinical Pathology for the
Veterinary Team



M OTENOTESFH L OTE
fin  BLBSUSS-Rosenteld  Apedl 12, 208 8016 Treme 249mmm s 17 Zimum

Copyrighted r‘raterial



I": OTEAOTESPH F2: OTE
fin BLESES S-Rgsaenteld il 12, 205 Zlb Trom d4dmm = 17 2

Clinical Pathology for the
Veterinary Team

Andrew |. Rosenfeld, mvas

Diplomate, Amencan Board of Veterinary Practitioners
Camine amnd Feline

Sharon M. Dial, owa

Diplomate, American College of Veterinary Pathologists
Clindcal and Anatomic Pathology

#WILEY-BLACKWELL

A Prhin Widkss & S, ILud, Priblocarbog



P O TENOTESFH [2: OFTE
fim BLBSES S-Raosenteld il 12, 2008 LA B Trem: Sddmmm = 17 2imum

Exlitsem hrst publishis] 2000

o 2RI Bladewell Publ=fang L,

Bl kel Pobilishoe was aedquicid by Joho Wiy 50 Sons in Febooary THET, Blgsbwell™ poblishise proagram bas
b maerged wirh Wilew's glishal Sowncbfic, Technical, and Medical basoness mo fomm Wiler Blackwe]].

Euiturial ofboe
2021 Stane Averee, Ames, bowa 5001148300, 1154

Fowr cheranls o paar glodhal edireirial aitfory, for custamer servees, and dor insarmatom abaoe beow o apple for
PEMmERE [ s the c::-p::l,;l:r mateshal lon this Baak, |.'4|.'J'\-|.' see ouir welsine
Wi ey aoetaale - Backae .

Suinttsorieston moe phatccapy iems far inrernkl ar persssal onee, or the el or persanal wie of spedfc cliss,
s pranies] by Bk |l Fagblshing, poosided that the hase fieg is paid dhreerly do the Copyricht Charamer Cenier,
227 Kosewosswd Dirive, Danvers, BA M523, For those ormpanizatons thas have boen granted o phoscopr [ense
by L, skl s¥aTeEn af paryEtens foas e .|||j||!,:|.'||. Tl e oosdes For asers of the Traesactioml

Rt Sorvter o 1SER-13; 3TH-0-8 | 18- I0OE-SITTIE,

Dyagriaims psedl by eomparics t chatinguesds thiary peoducts aie cliin claintied g drdemackss AL bemd manies
and preedist names weed inthis bk are trade mames, seevice marks, rademarkes ar registered erdemarks ot
theii (s N S L T e |'\'||||||'.|I|.'|' is mal assrcmated wirh asw |.'\.||-«.||||.I:'\.||' vernder menraned im s boeok. This
parhlvcaizia 18 cesgiad g preadide decuiile and auihariiaiie st ioet i sewand e salneo mger oxvened.
[t i sold o the underswamading that the poblisher & oot crgaged mrendeaog professonal sereces, I poofessional
advice ar arter ERTCTL assl i Lice 1s ||.1.||||r4.'|]. chie services o L ST Ll profeedonal should b 'h-clul.:llr

Litzrary of Comgress Cabalopiog-ie-Prehhicarfon Dag

Rkl Andeger |,
Clisdea] pathadogy Sar e vererinary ream ! Andiew [. Roseordeld, S5amon Tl
|.'!. il
lsclude= bablingraphical referemors and mwles
EEPS 9TH-ORR 1 M- 1008-% (pble 2 alk. paper) 1 ¥ereninary pathobogr-Lakomarory manaals.
L Dl 2izem. B Twle.
[TELAG 1, Animal Dispases-patbolopr-Lakorarory Manuals, I, Chnical Lakarasary
lezhmgee svetesimary=-Labesarary denuals. 5 Pathelogy, Verennarp-methoeds-Labarsmey Mansale
S5F TTEA BE1 e 201
SETTE 6 RET X0
L 9 Tl 22
20 THHRER

A -\.Jl.III?H vl For this Boak s availalsle o s LS, Lik ary |||'".:-\.|||!;|rn.

ser i VO Epr Sabea by Aprara™ Inc, Mew Dielbi, Indsa
Frisited in Singages

(T 7]



P O TENOTESFH [2: OFTE
fim BLBSES S-Raosenteld il 12, 2008 LA B Trem: Sddmmm = 17 2imum

Dedicated to Lisa, Lauren, and Jillian—who act as my center, my
pracocality, my maginaton, and my world, respectively.

Andrew [, Rosenfeld

Dredicated o the hardworking technicians in veterinary medicine
who inspire, challenge, and energize me with every interaction.

Sharor Dial



M OTENOTESFH L OTE
fin  BLBSUSS-Rosenteld  Apedl 12, 208 8016 Treme 249mmm s 17 Zimum

Copyrighted r‘raterial



fin

P OTENTESFH F1: O¥TE
BLBSES S-Raosenteld il 12, 205 LA B Tram: Sd4dmmm = 17 2imum

Contents
Abopi the Ayrhar L
Farppyrg %]

1. Sample Handling and Laboraisry Standardization—Dewe lopimg Standard
Operating Procedures 1
2, Components of the Complete Blosd Count ig
3. Hemaiology: The Ervihrocytes, White Blood Cells, and Immune Syitem 13
4. Abnormalities in the Red and White Blood Cell Populations 45
5. Renal Phesiology and Anatomy, Clinical Diagnosiics, and Diseass 75
G, Liver Phyveinlogy and Anasformy, Clinical Diagnostics, and Disease ol

7. Pancreatic and Gastrointestinal Phvsiology and Anatomy, Clinical

Lriagnostics, and Discase 15
.  Eectrolvie Physiolopy, Funcltion, and Derangemen| i1
9, Components of the Urinalysis 4]
1k Evaluating the Urinalysis with Csease Conditions 139
11, Adrenal Funclion and Testing P51

wii



M OTEOTESPFH IF2; OFTE

fin

HLISES S -Rasen el tpril 12, 2004 &6 Troms: Sddmen s 17 2imum

12, Blood Gas 167
13, Coagulation 175
14, Emergency Dagnosfics—A Discussion of Shock and Clinical Diagnostics 163
15, Oblaining Samples from Different Body Systems and Evaluating Cyviolopy 153

Appendiz Az Tabkles 07

Appendix B Clinical Pathology for the Veterinary Team DV D instruciions 237

Appendix C; Case Worksheet for Clinical Pathalogy Cases 247
Antditinral Besneinrp A57
Clnssiry 250
L e

Caoms = Sep companion DVD




I : OTEHOTESFH I OTE

fin

BLISES S - R beld

Al 12, 2050 a6

Trem 49mmmm =

.
17 i

About the Authors

Andrew [ Roseafeld, WA, ARV

[, Rosenfeld has been practicing
emergency medicine for the lass 18 vears,
His medical inmeresrs are in
emergencyiortcal eare, ultrasoead,
treroal mtedicine, and surgecy.

. Rosenfeld has alwavs had a strong,
incerest in reaching and bas been an
pstrwctor 2t Arceona Stace Dniversivy and
Mesa Communtity College i Aatioal
scienee amd Technolagy, D, Rosenfeld is
cotounder and head instesetos of YTEC,
and he bas written a reaining and
thteractive text for vetennary hospeeals
called The Veterinary Medical Tegm

Handbaok, published by Wiley-Blackwell,

Sharon M. Ddal, WA, Phiy, Diplomaee
ACVE (Climical and Anatomic Pathology)
. Dhal received 2 hachelor's dejgree in
Micrabiology from Montana Srare
Ubeversity. She then recelved o Doctor of
Verteroary Medcine and a Doctorare in
Pathology from Colorado Stace Universiny
Dh. Dhial has bocn borh a working
pathelogise as well as an active instroctor
af the |.|1||1.'-:'r'::|r:|' of Wisconsin and
Lowisiana Smare Universicy, She alen has
bevn a linical pathelogise for Animal
ragnoste Lab in Tucson, Arizom, and
Antech DMagnostics. Do Dial is currently
an Associate Research Scientiss o che
Dreparcment of Yeterinary Scicnce and
Microbiology ar the University of Arzona,



M OTENOTESFH L OTE
fin  BLBSUSS-Rosenteld  Apedl 12, 208 8016 Treme 249mmm s 17 Zimum

Copyrighted r‘raterial



P OFTEMYTESFH
BLRSEE S-Rassenteld

fin

I O TF
Al 12, 2050 a6

Trem 49mmmm =

.
17 i

Foreword

With new technolagy, in-hospieal clinscal
dinj_l.m:.rri:_' labnratories ane |'r;_':_'|:n11':|1|; anex
pocted part ob every veterinacy hospinal,
Wetermmary teams mow bave the aldlivy 1o ol-
rwins medical data e complese blood count,
chemistey, blood gas, lactate, wrine, and
clotring times in minures—information chat
wpnlld take 1-2 davs to obiain frem an oue-
HHI.':' |.|'I I:l. TI:II‘I ﬂl.ll:!l'c'i"\- 115 bie I'lil YT -!':":L'I."".-!'I'Ir
mieclical darabase quiq:l-:h' anid ..-r'r';-.;:i-.-i-ly.- T
bzl cvaluate amd crcar our paticnrs,
Howeser, with this technolegy contes an
acded responsibzlicy for gur medical team,
Team members wow must begin to asome
the ke of the veterinary lab technician,
Hospital veams must be able mo ron qualicy
canteol on lab equipment and calibrate i1 as
aepeded, The techiicil e must be alile to
handle Blood samples and identity potential
artifaces, Fuerher, the technical ream mem-
Bers muse be able po evalioate blood filoes
rex identify abnormal cellular pachology chat
the climieal -e|i.||.|:|1||'\;rir: CANNOT Interpret,
Crur medical team mnst be able v train
its mentbers in pre-cage theoey, This theory

stiaTes rl'l.l.r anar I'II:I"irII rill Team |1|':'|1||'|-E'r"'i I‘.u'l"a'l'
an understanding of each parient’s disease
pfocess, its symproms, the clinical diagnoes-
tics that need vo be obiained, and erearment
profocnls, They are not expected to hae ver-
erinanans, bur no team member should be
given the responsibilicy of monicering a pa-
vient withowr undezstanding the disease pro-
(=g .I.t.II.'LTi:IH rI'II.' III. .|.|1:||1||'||..

The goal of this book is to help team
micmbers understand each clinical diagnos-
tic test of the small animal paticor and thus
bhe a more thorough resource o the ver-
crinary tgam. Each member showld by abic
Lr MODIGET Fatients and communicate con-
cerns oo the vererimarian, 1o discuss these
clinical diagnostics wich the clicm, and w
onvdiersgand what further tests and s.lr.n.plu
may need 1o be taken when there is 2 change
in clinical pathology.

The D1 ae the end of this g is meant
rer v technical ream members the abilicy
rer practice the conceprs discussed by this
book in virtoal cases,

ui
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Sample Handling and Laboratory
Standardization—Developing
Standard Operating Procedures

Daer e last |.||.'|.;J.|.|l:, thie :1-.';1i|;1|.'l|.|il:r af
hematodogy and clmical chemistey instru-
mentation for n-clinic use has increased ex-
panencially, There is a wide choice of instora-
micnrs being markered for use in vererinary
practices, While the convenience of rapid re-
sult turmaround is toured as a primary rea-
snn for purghase and use of m-clinic imsiro-
mieneacion, the full impact of their use on
techinical personnel time or trining needs
and the full cost of approprate manage-
mienr af the in<linic laboratory are usually
nat well addicssed during the decision pro-
cess, When a vererinary practice decides o
provide m-clinie clinical pathology service,
Bt st ||.1.||-'.|_' r|'||=r|'||1||r||rn'.|_'nr For emsuTe thar
the data prodoced by trs in<clinic labora-
ceery s of the same qualicy as thar obrained
by reference laboracories, The management
af the practice must waderstand the weed
for trained personnel, standard operating
procedures, and appropriate quality conteol
aried gualiey assurance programs,

The In-House Clinical Laboralory

O a veterinary practics decides te pur-
chase im-~cling clinical pathology instramen-
ration, it is the veterinary rechnician whe is
given the responsibility 1o oboain accurane
chata from the diagnostie samphes for clini-
cal mamagenent of the patienr. This chap-
ter 15 an introdection te laboratory man-
apement. The frst aspect of innegrating an
in-climic laboratory oo the general prae-
txce o5 oo iddentiby @ location for the labo-
ratary equipment with suffcient workspace
thar includes space for sample processing,
samplelreagent storage, and instrumenta-
tion. The are shoold e conventent o
the rrearment/surgery areas and sxaming-
tion rowms but oot of congested trafhic ar-
cias, In addition e hemaralogy and <linical
chemistry instrumentation, 3 free-arm oen-
trifuge for spinming down serum and wone
samples, a microhemaroneris «._'n,'n[rir'um-. a
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high-rpalify g rssope as

Figure 1.1,
part ol the-in-hospital medical lab equipmeni,

wape al
Irage al &

qualiey microscope, and a refrigeraror with
4 non-frost-free freceer compartment are
necded.

The need for a gualicy microseope can-
nitt be emphasized enouph,. The abilicy o
crivically examine hemarology and cviol-
ogy specimens depends upon the clear op-
tres of the microscope, Fgure 1.1 denti-
fies the components of a compound brighe
feld miceosoope. The abjective lenses o

the miceoscope should be the higheso gual-
ity affocdalle, The standard lenses on mose
light microscopes are 10, 0=, and 100 =
oil emersion. The addition of a 20x or
a 50 oil emersion kens can facilitare the
capid examination of cvrology and hema-
r':FIIIIH:-' !’h'll:ll'r.lll."ﬂ. J'.il-.'l'l |1|i|.' TEISC LI II'IiII:II.I{iIL"
turer can provide oprions for magnifcation
and oprical correction and should be able
ter assist 0 the choice of obpectivis for the
tvpe of clinical wse in ench practice. Objec-
tive lenses differ considerably in cose. It is
wirrth the additional cost for higher-qualiny
lenses that provide a lacge, far viewing
Aeld. The higher-guality objective will sig-
nehcantly reduce eyestmin experience by the
micrescopist and improve diagnostic acco:
racy by providing the best quality image for
ViEwing,

One importamt noke s that the 40x high
dry objective requires a coverslipped slide,
The oprics of rhis objecrive are oprimized
o 'p'il:will.,p. Elihlup:llh-:ﬂl.lg:n slides tlaar are
always coverslippad, A ample way to use
the = objective to view hemamalogy and
cviology slides is oo use a diop of immer-
sion oil as a coverslip mouncing medivm.
Place a drop of ol oo the microscope slide
and place 3 coverslip in top of the oil. This
will allow sharp focus of the slide with
the 40 objective. I is imperarive thae the
higls dry objective does nor ger immersed in
vil. If this inadvertently hkappens, immedi-
ate cleaning with a quality lens cleaner {nnt
svlenc] and lens paper is necessary. & good
habit is 1o alwavs rotage the microscope ob-
|-H-i.'r|'|"l,"£ 1T RIS l.'II:I'I."I_'rH:lH. Fr‘:”ﬂ II:I"'.'-'I:".T oET
ter |'|||.fi1{'=|: porwer, This el '|-:-e:|_'|'| the mi-
croscopist from dragging che 40 objective
through oil.

The: miwcroscope wmanufacturer and the
individual who 5 chosen o chean and
maintzin the scope are great resources
for choosing good immersion ol Immes-
hi':!llt I.Iilh |1i'|'|'!.' I"’l.'l.'ﬂ "hl.ill'llili].r-lji.n'.l."-lj [ ||1|.'
vears and the maost frequently asked ques-
tion is concerning the viscosity of the oil,
High-viscosity ails are often preferred by
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Figure 1.2,  da] An out-of-focus Tield diaphragm with §

(i

mtcrgscopists hecowse bess il s required to
fll the gap between the slide and the obyec-
rive lens (high-viscosity oil dogs nor epread
cut as much as low-viscosity oil) and, when
viewing mualtiple shides, less ol s needed
om suhsequent slides because the il clings
rer thee nbjecrive when the previous slide &
removed. To prevenr il dropping on the
next slide before it s needed, the micro-
scopist should develop a halat of switching
rer the 1= 41|'|i..:q._'r|l.'|,= hicfore rEmoving nne
slide and placing a new slide on the srage

As withe all laborcsrory equipment, main-
tegtanees is necessary to keep the microscope
working appropniately, A vearly mamie-
nance and cleaning schedule will result in 4
long and wsetul life for a good microscope.
Mic rOSCORY [FAning is casential for all falr-
sannel wsing the microscope, Tasks that
should be understond by all microscopists
include adjusting the microscope condense
ter prrowvidde the best illemination (Kohler illa-
mpmation), correct lens cleaning techniguoes,
and bulb replacemens, Kahler illuminacion
is the process of adjusting the condenser o
E""Tl.ld woe tlse best focus of the illumination
siaurce. The process 15 as Follows:

. PMace a mcroscope slide on the stage
and fscus the image on che slide to 10k,
2. Close the feld diaphragm completely.

ey eclges, dbb Anoprelocus feld daaphmps weth shamp

A Carefully move the condenser up wor
divan tor bring the edges of the feld di-
aphragm into sharp fncus {Figure 1.2).

4. Openthe feld diapbragm wo allow com-
plie dllumimatioon of the held.

Mo :.!l.ll:ilL:-I.|l.Iil|i|.!.' I|'IiLrI.l5I-l\.'l.'l|.'lL'.‘\. sapld ro-
day have an adjustable condenser and are
parfocal, Parfocal means thar if che image
is in focws ar 10, there should be limle
meed o fecus ar the higher magnificstion
abjectives, One way to optimices: the parfo-
cal lenses is oo focus 3 microscope shide at
the higher objective (preferably ac 402 ) and
switeh o the 10x objecrive. If the iI'|'..'|:_'|: i
aut of focus, use the focus rings of the eve-
paeces o brng the dmage back inon focus,
Cnee this is done, enly fne focus should be
necded as the microscopist moves rom one
abjective 1o the pext.
for microscopy tips
is the individual thar is coneracted 1o main
rain the micrascope, In addition, there ane
cxcellent Interner resodrces for microscopy.
Oyperonizing mictoscopy skills wall allosw vet-
erimary technicions ro fully wrilize their mi-
croscopes and increase the efficiency of
viewing hematology, winalvsis, and cvrel-

ongy slides.

An gxcel ||'-|'|r CesaIroe

A working understanding of the avail-
ahle ¢limical instrumentarion and the pro
provide  accirare

cedures  necessary o
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clinical laboratosy values is necessary—in
fact, requidred—aeo best serve the interests of
the patient, Yererinarians will make better
decisions based om their physical exam, his-
oy, and diagnostic <kills wirhour any ¢lin-
teal pathology data than they will if they are
BIVETL @ OTLHIes s IJIIT.J- pT] I.'I.I:Ilil.'.l.l r'il'.|:|||||1|.'.:|'
data i far hetrer than orying o interpret er-
ronedas daca, The fellowing are the primary
vespoinsibilities of the vegerinary technician
placed in charge of laboratory egulpment:

. Insricume and maonicor a qualiny coniral
svalim.

I Moot maistenanee FI:I'III‘-:h.'l:-lH.

i Develop standard operating procedures
fosr all vests performed in the laberatory,

4 Prowide constssent training tor all indi-
viduals whe will e using the cguiprment
in the laboratory,

Currently, there are several hematology
instruinents available for che in-clinic Tabo-
ragiry. 1t s aften the responsibabey of the
VELETInary sochnician ta review the instro-
ments available peior to the invesoment of
a large amroune of money., An onderstaid-
vy ok e tvpes of instruments availalle and
rl'll."' -:|i:|'|'r-r|~1|r-:'k n |1|-:'r|1r||:|1 I:I"-'!'I‘I |1'|" I."a'll.'l'l -
strument in obtaining data will greatly in-
credase the potential for making an appro-
priate chisice,

Hematal ogy Instrumenis

There are basically three tvpes of instro-
ments available for the veterinary clinic:
centrifugal, impedance, and laser-based,
The centnfugal system wmes o Lirge-hore
capillary tebe with 2 special Aoar thar ex-
prands the butty coat when the ube is spun.
The tabe is coared with an eosin stain char
will stain DRA and RMNAL The differential
I.II!-T.ELII." r|FT|1|' st |1'I- 1.'.-'|:||n'- |1|I1I II:I I\.'I'“'\-i .II1|:|
ervthrocyvtes allows the instrument oo sepa-
rate The populations in the expanded batby

casar. In rthe erythrocyre papulation, immna-
tuire erythrocytes (rettcalocvies | will take up
the srain for RMA and, therefore, an es-
rimare of reticulocyte number is possible,
Cnce the sample is spoam, white bleod cell
and plareler cownts are sstimared based on
the h;~i|.'.|1r iaf each pl:nil:l:ll af the bu I:I::." CORak
thar correspands oo each oell tvpe aned the
averape size of the cell cvpe, The packed ccll
solueme (POV) is determmimed by measuring
this beaglt of the red cell column as a per-
centage of the mogal bBlood column in the
b,

Sriiedies |."|.'|||.|:1Ii|I,,!.', the ACCUTRCY of this
mtethodology have shown good  correls-
tian with standard impedance tsoromenes
when samples from healithy animals are
amalyveed. When samples from il animals
are commpared, the expanded bufly coat has
pear correlation with other mechods and
with blood film analvsis, Many pathologi-
cal changes in blood interfere with an ac-
curale evaluation of Plood pardimelers us-
g thas meethodology Bbecavse altermoons m
cells result in abnormal lavening during cen-
teibugacion.

The impedance cell counters use the prin-
ciple thar cells are poor conductors of an
glectric currens, In an mmpedance counter,
individual cells are counred as they fow
[|:|rl.|l.|l;:|"| an elecrric feld. In addivier, the
size of cells can e measwured becavse the
mzagrnbaade of the change 1 comment 15 pro-
partinnal tor the cell size. This methodology
has been the mainstay of aucemared homia-
ooy for over S0 years. It is precise and ac-
curate 0 couneing hokocyies, eryrhrocynes,
an '|'\-|.|h_'k'r'\.' andl can rlr|'||_||.||.'|- a reliable but
limited avtomared differential,

Laser-Fased flow cyrometry instraments
depeind on oo cell's abiliy b scatter Hght
as it passes through a sheath of dilvens,
The degree and direction of light scarmer
from the Faser indicares the sige and “com-
plesiy™ of ehe celll Based on these ar-
tribustes, the lnser-hased mstruniens can pri-
vide up to a Separt automated differential,
The imherent variakiliey in light stabilicy of
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individwal lasers can atfecr the precision of
|.]Il.' IsrzmeEnt.

Hegardless of the methodology, hlood
film review is an essential part of the use of
hemarolopy instromentatien, It is an excel-
Lent vvternal conerel. When comparing what
s seen on the blioad flm to what the -
srrEment measures, well-regined veterinary
cechnicians can and shauld tross their eyes
ovier the instroment.

Clinical Chemistry Equipment

The currently available in-clinic chemismy
INstriments  anre prin|.1r'i|1.' closed SV EIEImS
char wrilize either "wer” o “dey™ chem-
pary methods. The wer chemisery svstems
are based on tradicional spectrophotomet-
ric methods with individoal tests or rese
profiles conrained in a cartridge wich sepa-
cate cells containing all the reagents needed
for the indveidugl test reacnon, The seoom
feT, 10 some cases, plasmal s insrodeced
e the careridge and parsed o cach cell,
There is liegle posibility for vser erroe other
than sorge of reagents, sample handling,
.II1|:| ERSEORIMETt M e e, Tl'll.'r{' ATE A=
clinic wet chemistry umits thar are smaller
wersiong of the Llarge clinical chemiseey in-
strizmeits that require reconstitution of -
cdavidwal ceaments for eack test, In these -
striements, the reagents amd F.l_"rI_I:I'||'|'||J|'\iI11.j
sample are pipated inpo 2 reaction ozl
Tleese instruments reguire signiicant teain-
LS ek IMaIneaen .I.I!II."\-I]I:I?I'.IZ' ]'.'I."rl:iilﬂﬁlllh.'l' |1|"
cause there is more possibility for user {tech-
niciam} error in managing the reagents, in-
steement, and sampling.

Dy chemistry mstrwmeists vse the poin-
ciple of reflecred light rather than rans-
miitred light {as vsed bor specrrophotomer-
ric methods), This methid s less affecred
by both hemaolysis and lipemia than spee-
truphotontetric methods, Diey chemistry in-
strwments vse slides or reagent "seicks™ thae
cantain 4 pad of dried reagent onoe shich

the serumiplasma sample is placed. Cnge
the appropriate reaction timee has pasied,
the amount of a specific rvpe of reflecred
light is measured.

Considerations in Purchasing
an Instrument

In most cases, the purchase of a clincal
hematalogy or chemistey insTroment 15 2
rajor decision. There are sovernl aspects to
comsider as shis decision 15 made, Omne of
rhe most tmpomant questions is how many
samples will be fun on che instenment each
day. I mosr cases, greater than 5 CBC ar
clinical chemistry panels a day are necessary
te warrant inshouse instrumentation, The
micse often the instrwment is wsed che none
familiar the seallwill be with the procedures
needed bo provide accurate data. Chtber con-
sideraions inclogde the I:vl:-|||'|w'.|1r|;:

1. st analysis four tests |'||,'rr'r|r|11-_'|,1
a. Costoof eeagenes {inclade 1T0%: ad-
clitbonal reagent costs for rerunning
'\.'.1|:|p||"t: 1F needed)
k., Cost of consuymables {pipetre rips,
CRIVELTEeS )
o Cost of echowcian time
d. Cost of overkead (elecsraciry, Baaild-
ML EXpenses)
o Clnat of guality comtral |'|r|'u,||,|n.'|;
2, Awvailable wosrkspace for the inscro-
edit
3. Techomieal skill of the mdividuanls T
foormiing the resrs
4. Rample size fequired (the smaller the
benter for many small animals)
5. Test performance fime
f. NMonioring requincments for el instrye
ment
a. Oualivy control needs
br.  Maintensnce vime and cost
Techmigal suppors and cost of service
CEONITACTS
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Evaluation of Instrumentation

Prbor b purchase, the chinteal ssaff should be
allowed o evaluare the precision and acoo-
racy af an tnstrument, This s done |'~:.' per-
forming a series of evalvarions, usually by
serial esting of 3 control pradect or prod-
ucts, I most cases, 2 consecutive sam-
plings of the comiral prodect are ran and
their standard deviation and coefficient of
variandce is derermined.

Tocalenlate a standard deviamon and co-
ethcient of varianee:

1. Runa selected contral prodace on the
new instrument, Add all 20 sample val-
wes of the variable rogether and divide
by 21 This gives vou the average oo
miean of the datn set,

2 Caleulare the deviance of the dara from
the mean. This s done by sobrracting
the total mean from each individual
nuwrmler,

] 51':,|l,|;,|,r-_' each af the individual deviations
and add these squared differences,

4 Dhivide thear sons by 19

50 Calenlare the square roqot of the resule
af the previous step, The result of this
cakeulagiom is the standard deviagion,

. Caleulate the cocfficient of variation
PEV) by dividing the standared deviation
by the miean, It can be exprossed either
RO Fr:l_l_'l:'il'll'l nr g3 poercent

For Example In Chart 1.1, vour haspi-
tal eam measures the following 20bcomreal
samples and notes the following values wiath
a e of 295,

step 1 Calculate the average of thes: oum-
herrs or the miean.

a. Sum ok all these nuombers is 5%

b, Awerage of these nombers is
A2 =245

st ¥ Caulenlate the devidnce from each

valse by subtracting 2,95 from
each valwe {see above).

Stepr 5 Square each of the individual devi-
apiong aid add these souaned dif-
ferences, The som of the squarned
differences is 5.21

[rivide the number vou gor from
adding the sguared differences 1o-
gether by 19, In this cise

Step 4

2L = 274211
Step 5 Caleulate the square roor of the ne-
sult of the previeus step, The resulr
af this calculation b= the standard
deviaten. la this case:

274211 = (LO75191
Calculare the cocfficienr of varanee

by dividing the standard deviation
b the mean, In this cose

Srep 6

DOFAI9298 = 002350 2550

A low coclicent of varance imdicaies
good instromens precision (=35 Inoad-
dition, tunning 20 samples ot the conrral
product over a period of 10 po 240 davs will
reasure the long-term sabiliey of the in-
strument, Unee the 20 samples are oboinged
over 2 days, the cocthicient of variance
elhonld be evaluared again, This will allow
thiz husspital tearm to determine whether the
comthcient vares over toime, affeciing overall
[ECTisICT,

Onee precision is determined, the resulus
of & specthe et of e on 20 pacienes can be
I.":H:IF'.I.”'I:I ™I & |'I."|:':'|'I."'|'h.'!' |.||1|:|r:|r||r:.' 15] I‘II"
termine the instrumens’s correlation oo stan-
dard methods, It is very important oo make
sure that the reference laboratory o which
the companson samples are sent uses the
samie methodalogy as the m=clinic instru-
ment. If the methods differ, the valucs
may o be similar, especially che liver and
pancreatic eneyme salues, Toegether these
twets evaluation methods wall |1r|]'.- dleper-
mine the accuraey of the insrroment’s read-
tngs. The impesmance of deteemining both
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Chart 1.1
Atep 2 Caleulare the Step 3 Bguare
devianee from the data cach of the
Sample # Value isample values 2,950, differences,
1 3.2 025 .0625
2 3.0 (.05 L0025
3 2.8 -{,15 (225
4 24 —i1,55 3025
b 2.4 —L35 01225
(& 24 —{L.55 03025
X 29 —{.05 0.0025
3 3. (L6 5 04225
9 3.4 (LE5 07T
11} L —.45 2025
11 3.1 015 (.0225
12 3.0 (.05 00025
13 7 075 5625
14 e =45 2025
15 ik =75 5625
I 4.2 1.25 15625
17 2.5 —{.15 0.022%
13 25 —i{)25 (0625
19 2.8 —,15 (L0225
i) 1.8 ~{,15 (L0225
Sum 389 a.l

precision and correlarion i illustrared in
Figure 1,5,

An instrument’s precision can be evala-
atee a5 one of three pppes: precise buat not
correlated with a targer methesd, imprecise
but correlated wich che rarger method, or
both precise and well correlated o the rar-
get method (the oprimal scenavial. When
purchasing an wstnonent, the instrament
company’s technical sraff should assist in
performing these imporant evaluarions. It

is i their best interest to prove the arilicy of
their instruments in providing accurane and
reliable dara.

Quality Control—Minimizing
Analylic Error

ﬂm:r an insrrllmnnr has dcml:msrr.'lh-\d H-und
precision and correlation, it is the ongoing
responsibilicy of e vererinary technician
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Figure 1.5 Target illustmbions of e valoes (red)

anal fargel valie igad relalionshdgos, Shown are an instrument

talthic fesre] pasnidicss Bl o < dendlatice welth Fed Sirged Wl walir, ab sl thal dhician. 2 ienzlatiai Bl posor

previson; arel an instroment that = balh peecise amld bas go

wiho supervises the labosatory to insure the
continuanee of accusare daa, This is done
by clise monivonng of 5 well-defined -
herpase guality comerol system, Al reference
Faboacares muast cmploy a qualioy cantesl
syatert o meniger the overall performance
of the instromsents v the laboratory. A gual-
Ir:.-' ;Ilnrr||| SYRIEID 1% |'||.||I.'I'| IMIEEre TI'I-'II'I SITTT-
plw runming a canteal prodoct chroogh an
instruiment at @ scandaed inteeval o check
the perfrmance of the individaal iaseru-
msent. Chuplity control systems nclude the
fel b

=1

A ret of standard operating procedures

(SO0 for all tests performed by the

vetermary technician, for evaluation of

I:I.-lLI'!a' i.'|l.|.|.|||:'!¢' I.":”l.Tn::II I:I.I.ril .:|:IH|. actioms

vo determine the cawse of failed control

data, and for appropriare teaining of all

personnel thar vse che insteuments

T Madvrenmance records for all  instru-
LS

3. Documenration of all samples sun, in-
cluding name of operator, dare, paticent
ey, resules, lor nuwmser of conerols,
and culibrarors

A, Qualicy coneeod Jog to track daily gual-

ity control values and all acrions taken

crielalior witk the wmped valoe

when the contrels are not within rhe -
rabdished conteol canges

A0 Crobdelines for maintenance of the lab-
GEATOrY ENVIraament

Standard Operating Procedures

Standard eperating procedures are often ne-
glected in climical pracrices, An %010 can
be an acrive decument if written well, The
cacuiment should be wrigten with the goal
of providing anvone with the basic hack-
graunid inclinical parhology all the inform:a-
tion needed o perferm a specific s, The
SUM s u:~|.|.:'|'||:.' wriltedl by an sutline form 1o
mclude the fallowing:

#  Title {specific procedure)

= Seope twhat is the goal of the proce-
clure]

*  Diehnicions pertinent o |II'||_‘||_"II\.'..H111,:.iI'Ij:,
the procedor:

o Training level veguirsd of person per-
foriting the rest

* Mecessary equpment aond ceagents (ond
lmgarion)

Progedure (step-by-soep instrwcrions)
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o Quality conteol procedures specific
the test

= Any logs associared wirh procedore or
instruments used in che procedore

[nstrument procedure manuals can be
'.I":I'I:I (143 EIIFFII'EI:II'EIE ]'.-rl:ln.'-\.'\ﬂun"-. ]h‘rf-:rrl:nl'd
bv each instrument rather than duplicating
the informarion.

Daily Quality Control

All elinical |'l:'|'||:||.l||.l|.',:.' feanlls can e al-
fected |1}' three Eypes of errogrs; pn.':l.|1:||'g.'|:-
ical {sample bandling!, analviical (imstru-
METT Srrnrsh, and |'||'|l-.'r.1n,;..l:.-1:i|;::|| [reporring
CErars, interprerive corossh, Sample bandling
arid resules reparting will be discumed Bier
in this chaptes,

All hemarelogy instrumentation reguires
daily guality conrel measorements, The
need  fior lJ;l.il}' clinical -..'|1|.'|:1'|i~\.l:r:r qu..ﬂil:.'
coatrs] oeasurements vary between instru-
mienes. Somie dey chemistry imstrament man-
utactuwrers suggest thar their imscrumenrs
need only weekly, rather than daily, CFC
checks, However, if the instrument o i con-
rTIII Illﬂir'\i L1 | F.i'lu'{'ﬁ I:I.I:-" l'!lIIT £FIET I1r. o=
el limits 1 weck later, there s no oway
e determine when the insteument shifred,
Theretore, daily guality comrral is the best
tsuranee that the clincal mstruments are
[:u:rl:-::-rmin]'_ in 3@ cnnsisieEnt manner.

The qualicy conteal product vsed should
be similar 1o the cample being tesed. Foo
bhemaredogy  systents, commercial qualicy
control products consisting, of stabilized
whaole hlend are used. For chemistey ine
steements, the contrel pradocr is usually a
Lyophilzed serumi—based produce. In bath
cases, extensive analvsis of sach lor of con-
rrol product is performed by the manofac-
rurer o provide expocred canges for cach
parameter with stabilivy avier 2 sen time onee
r]'ll." rIfIII:|1II\.'I' [ I1|'I|':III."I‘I Fi:lr e, Ir L IITpekr-
cant tiv pemember chat control prodoces ane
different than calibracores.

Calibrarors aie producss nsed o ser the
etectrouics of the mstrement and “well” i
what signal correspoends oo 2 given valoe,
In-clinic instruments are usoally calibrated
by the manuiaciorer with periodic calibra-
vions s needed if the imstrument fails 1o
Fv-rl'-:lrl:n |.'|.||.'n.\_'r|:.'. Cpnatrol rlr\-:H]I:Il.'l‘!-i are
sample equivalents wich the same phvsical
propermics as the parent’s sample. The man-
wfactwrer of the clindeal instruwment shouldd
be able 1o asss w ddentifving appropriaie
commiezcial gualivy conrmal produces for use
in their inscrument. There ase references
in the liveraruee thar discuss the wse of
‘]'H:lllll.'d“ SETLIEL EIIII'IFIII.'H th.ﬂr I:Iil"«'l.' Iﬂ'ﬂ'rl
amlyeed mothe cling s “conerel™ prod-
wets, Althoogh this is a much less expensive
micthad compared e buyving commercial
cerittrol produces, the stabiliny and salidiey
of this rvpe of guality contral 15 question-
able, The commitment of the practice
providing quality clinical pathology dara
sliould wnclude the wse of good comineiaal
comtrisl  proedocts with  well-documented
reference values and siabilicy,

Large reference labararorics use quality
contral *ruiles™ such as the Wesigard rules
that employ muleple control valses for
I'.|I.'I.'| T, III"[II"I:II‘II'II:L'\. (4.1} !I:I'E' |1|.|:||1|1|'r III
samples being runoaf any one ome, n-
hizse labosarories |l.'|:l-' on qd'j'.itf.' CumFe|
wstalls run ar the beginning of each day
tor adeternunie whesher the wstruments are
working  appropoately. Opomally, two
rir three conrrol products are measwesd,
care with values within the reference range
'f-:!-r I.".ﬂl.'l'l [HrEnerer .I.II':I rl'll." |1r|'||.'-r'\. 'l'c'lrl'l
valoes above or below the reference cange,
The wse of muliple control levels allows
Betrer use of cules in evaluarion of qualicy
cemriral walves, A sumplificd st of Westgard
rules can be wsed when muoltiple contrel
lewels are evaluated with e=ach run, When
cvluaring conreol values, it is not enough
v qust look ar the indivedual value, Fach
IS I.'I:I"IITn:!lI "a'ill'.l':' HI:II'".II.I.I l'll." |'||1FI.'LT-€'I:I arl
reference to the previows valves, The fol-
Lovwing set of rules will assist in detetmiining
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wihterher the insroument measurement s nog
siahles

l. One conceel wvaloe s oworside 2 50

twarning rulel. Bepear conrol mea-

surentent. [F che second conteal vialoe s

within control reference ra TS AT Tange

af the fellowing ks apply, the insor-

mienn is srable. Insroument measurenment

i ot stable if one value i3 ootsde 2 50

dwearning ruled and one of the following

alse applics.

Two consecurive valwes are ourside

2500 oo the same side of the mean,

3. The range between owo consecutive val-
WS 15 Ereates than 4 S

4. Four consecurive valuss exceed 1 50 on
ther samme side of the mean.

5 Ten consecutive valees are above or be-
Iower the mean.

[adt
'

[f, using the above mles, the instronsent
measprement is determined oo be ansrable,
measures should be raken o dererming the
canse, Inomass cascs, the steps invelved in
determining the cause of ervonesiss ot
data include the following:

1. Running a new ser af conteols tiom rhe
same Jor as the origimal contral,
2. Ruoming a new ser of controls from a
meww lon,
o Performing any maintenance  proges
dures 28 needed and rerunning controls

-l

wfier the mamberance s pecbormed,
Moer inetruments have g reoohle-
shoating guide thar will assist in deter-
mieig the canse of instrument error,

4. Coatacting the dnstroment’s techoical
servige 1F the progedores above do
net recstablish the appropriare perfor-
miance of the inscramene.

Mo patient swple can be ron on the
instrument until ir is Th;-rl:nrm':nu apprio=
priancly and providiog conteol dara values
weithidn the expected mnge.

Rocumenting qualicy conrred can be done
by daily recerding the results of cach qual-
ity control e performed in a guality cons
teol log. Altematively, a graphic represen-
ratwon of the contral dar can be used. This
s |,:|=.||._=|I|g.' done with a Levy=Jennings graph,
Figure 1.4 illustzares the ose af this ovpe
of graph o recopnize e disciner Changes

= Sanlity Geninal -Treed . Guality Sonteel . Shill

. 1
= 1 - . i
X . s 2
_: :l ) [l a ]
& . .

al
5 : 5
i N .
& - =1 "

" - '
-3 -7
—d =i
D17 345670 61011 LF17 1418 1617 IRAREF 1 F 3456708 10117 I3815M17 IR

[5) Qualky Corérml Bven 15l Dbty Conirel Fapal

Fipure 1.4, | Levy-lennings plot showing & trenc s comied valbees. A Irend suepe=is 5 gracosl chanps in the
(5 Ll B BE g [
irsrumente niading hor a pasamiker 5o Coninl nnechicn, A Cosnikiy Causd Of ey Shange 5 dalenotian ol e

canlral pradey, Ciperang
walvies hack o the meean. ) Levy-kemmings plot showing a shiff in comimed walees, A shilt sigmesis an aboupt
change & ihe
ralihratics for $hes ne

rpyw gl presduct im they samee L sing A rerwe Kl may B niished o bring the

Laddng For a4 PR in a conani prodac L A comiman Cawsr of 1his Change & kass of

mmeker, Recalbrating the instrument woigicd Be warmanied
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- 250 = 150

Mean + 150

+ 250

Figure 1.5, A distribulion cune from a normal papulalion. Shown are the mean theasy Black linel and limit
feer 0, 2, amd ¥ s chesviations inom e maan of the pupulation. Relkewnce walues K a conteal prouct ame
pemzabed fram ghis bype of distebulicn coree By measuring the cortrel preluct many ewes amed determining the
vl repreienting the limits that include all walues falling between tao standand deviations from tee mean, For
exammle: Il the mean for hemaglabin concentration for a control peaduct 12,3 arsd the svears £2 508 is 129 and
11T, mapectively, then the ospescbed walus for hemoglobsn in that comired product shoubd be between 10 7 80 129

gL,

in control daca, shifts, and eends, The ad-
vintage of the Levy-Jennings graph is the
ahility to visualize change over time chat
can warn the technician that intervention
miay e neoded soon. As such, the techni-
cian will be able 1o ke actions o keep
the instruments on rrack betore the con-
rols indicare failure, Levy-Jennings graphs
can be made wsing standard grapl paper
and the expected resules and seandaed devi-
atuis ]'.-rl:wi.dud with the control prur]u.:tﬂ
wsed, A chare for each analyie or parameser
is needed.

The expecred range for 2 coneral prod-
wet i detesmited by the manebctorer by
repeated measurement of the conteol with
calcularion of the mean and standard de-
viarion. The reterence range is wsually the
e viblue ]'.||ux or vt pag standard de-
viazbions (Figere 1.5), Setzing the range o
include all values within these limits wall in-
clude 25% of the resules obrained from char

control produce. This means thar 5% of the
tame, when measoring this coteol product,
the resules will be either abuove or below the
expected range. As 3 result, measurements
curside the range should b cxpeced peri-
credically.

Reference Ranges

Large laboratorics vsually develop their
own  reference ranges for each  specific
rest wsing a large number of samples
from healthy animals of cach species For
which they offer rests, This is a costly,
rime=consuming procedure thar is essenrial
far appropriare interpretation of laborarory
diata. For mast small in-clinie laborarories,
t|1i= Priscees is Tt rr.;lisl:ii:. I st cases,
the instruments in the clinic laborarory
wse standacdized reagents and come with
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well-established  reference ranges for all
amalvies ested,

However, it is stll appropoare for the
climician ancdfor technician o review the
vererinary literamze bor published soudics
that support the instrument manufaciurer™s
claim of walidatioat for it methods |.|5;i1|+1
veterinary samples, This independent vali-
dation for an insFUMen may poine ous in-
divichieal paraoeters that are not as reliable
as others measured by the iastroment. For
grample. most in-clinic hematelogy instru-
menes provide reliable crvthroovte measore-
meents but vary significantly in the reliabil-
iy of their J:'u]-:u_':n-:' differential, ST .'|||:.I
when conngsing monocytes and esanaphils,
A climic can use wellness exams and presur-
gical bleod work Fram pacicnes undoegoing
elective surgeries, such as spavs and meoters,
tor corllect data over nime to compare o the
reference ranges provided by che instroment
manufacturer, Forty oo sixty samples per
.‘\.I.'II.'LI:I.'!I- can b wsed o gonirate reference
ranges for the populanon of patients seen
at a specific <linic,

Sample Handling—Minimizing
Preanalytic Error

The frst step in collectmy, any sample for
cliical evaluatton 5 adequate abseling of
all contaimers and shides with the patient’s
name and the dace, This is an cxveemely im-
prevrtaanl step in sample handling chae is ehen
[ 1= '|.'h'|:| I I|":'|'!'|.'|||.|'||.':|" I'IIE'I.II-\_'III.':'. {IIEI":!' at-
tention oo sample labeling will ensure chat
the correct results are repommed for each
parenc. Many clinic nEanagement software
programs include label-making progroms
for the in-house phaomacy that can eas-
ily b vsed for clinical samples. The wse
of glass slides with a frosed eod will al-
oy labeling with a pencil. Placing labels on
Fl.i‘-\. 1Iil:ll.'“- prear tn ‘-irilll:l'lrlFl ain ﬂ"lll[ [§]
loss oof the infermarion during the staining
prrocedune,

The adage “pasbage in, gatbage ow™
pe very appropriaie in the clinical pathaol-
oy laboreory, Samples for evaluation will
provide useful information only when ob-
rained and processed correctly, Blood sam-
ples should be collecred vsing the needle
'l!l'lrl'l I:I'IIL' |:|.rg,;'~:r I:I':Frl' :I.'-'.ﬂ:ll.ll::“l!' For afirnaEe
the possibility af hemolvsis, especially inill
animals that may have tragile eovthiooyns.

The age-ald controversy aver the e of
syriEes Verals vaculainer systems s ot ex-
pected 10 end any tme saon, The best com-
promise is to fry both and vee the meghod
thiar is moar comboreable for cach individual
and provides the best saniple, Figuare 1.6 -
[astrates vempascture meing & syringe,

Burterfly catheters with a comnector for
vacurainer tubes have nicely addrcssed the
probtlem of vein collapse becaose of ex-
cess vacum i patients with compromised
Bood pressure (Figure 1,7} and of travma to
the vein it the animal serogeles, The primary
ads ATEAEE To ul-il'll.." the vacurainer sl 4
thiz standard velume thar s deawn breo the
collecrion rube, This is extremely importan:
when drawing blood for coagalarion srd-
ies thar roguire @ precise ratis of coagulant
Ler Blooel.

I':.;'II'IIII-E' I"Il:H:II:I Fnr i I.'\l:l|1|r\lll"T\':' I'\IIIIIIZIIII. ceniank
(OB must ke collecred inoan anticoeagu-
Lamt, ETFTA i3 the most comimon angicesgu-
ant vsed for vhis purpose, Inis essencial vhae
thiz blood be proompily mixed to prevent the
formarion of clors char will interfere with
cell countimg, Heparin can be ased inocer-
tain cases, bur i inbecferes wath seaining of
rl'll."' I:IIIZIII:IIJ -\_'{'”"i r-lll.' I"I'::lvl:ll‘l FI||1| .Lrl.ll!«"\ili. TI1I'
ratin of blood o anticeagulant 5 impor-
rant, a5 mentioned above, If oo liotde blood
is dlrawm inro the collection mbe, the an-
coggulant, if in laguic fozm, will cwse dilo-
rinn af the Blood resolimg in artitacoal Low
values,

T adddiviom, ervthrocvres will shrink due
ter the high osmolalicy {solute concentra-
rLIIrII |1t. I:I'I.l!' .|nr1..'|:|.||.'.|'.|.|.|:||: FII.ILI:I. TI'II"- dan
vesult in amifactual chamges in ved cell shape
when the bloosd flm i reviewed, i an
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Figure 1.6, The steps for senipurciore using a syrings method. (A The patiend’s imam ds held off and the
technical leam member drmes blood from the cephalic aners The reedle shoald be al leas 22 gaugs or larger 1o
prenant hemalisis, Al Corwt i Whar Dilisesd i clpaen, @ is placed inhiy the EDTA BHocel By caie shoukd B laksn 1o
revncve Bhie iopoof the tube and expel the blood direcily into the babe, This helps 4o redice hemalysis, The EDTA
tidses ghiished bz invesntied 7-8 eimvet s ihal thie blaod and EO0TA can propedy six. £ possible, place the camphe an
asample ke o alloe B bkl samples 16 Cortinueg o mis peopedy with The EOTA, idl Finally, llvre makirg
the: bland smezar, a small seclion of the sample should be esamired with a pipette or wooden apoplicator sicks 1o
make sune thene & oo abvious clob dommation. IF clting, is obeenea, this sample shoold be disposed of and 2 oo
sample shiaired

artifactual decrease in the packed cebl vaol- instrument pecforms the necessacy dilurion
e { PN, and 10 discordance between the af the Blood sample for counting,

MCV and the bemarocric {Her) value in the If por much blood is placed inm the
avuremared CBC. Inthis case, the instrament . collection tube, clors will form. The clogs
Het will be the mone accurate valive because B thes case may be teo small 1o visualize
the ervthrocyres will “rehydrate” when the bur can affece the resulis and may cawse
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Fip|m 1.¥.  Thewesala bulledTy cathelerwith a vacu
Lainer adapher cften sakes The Colkec o ol hlood cak-
i han wrg, o esedle arel syricge, After the cathaler
Is placed it can be secured o fhe patient, diminish
ing the chances of damaging the vessel i ghe palicnt
sirupgles, Sn pddibons] pdvantage is §hat this method
dllmws ihe colleciion of a small amaeani of bload dar a
ek POY, lidal pedtein, arel hlocsd Slm wiile clearig
the catheter and lubirg of blaod that may canlain pro
coagulant faciors that would promaote clot Tormation in
1has ECVTA, Buitme,

obscruction of the tubing within the inscru-
nkent causing iwstooment Filens, Gross in-
spection of the blogd for clows s essential
AT T3 ingrowd s Tz i 'r..=|:rnph' LT i InsErL-
ment. In addition to checking for clots, the
presence of agglutination should be pored i
present. Apglutbssion will artfactually al-
ter most erythrocyte mdices reported by the
instoument, Snce a toral proteim and a POV
are imparrant aspects of a complere blood
carwnt aied should be perforimed on all whole
blood samples, the appearance of the buffy
coat can be recorded as well, A thick buffy
coat supports the presence of a lenkocyto-
sis or thrombocyviosiss a thin buffy coar in-
cicates a lenkopema or thrombaocytopen;
and reddish discoloration sugpesss possible
reticuloeytosis, Young eryrhogoyres are less
dense than maruee ervihrocvres and can sed-
et out it the buffy coar when the blood
L% SN

Making o goed blood Alm s essenrial
e blood film amalysis. There are several

technigues wsed 1o make good Blood filmes.
There is no absoliete correct method. Two
metheeds ane illusirated in Figure 1.8, The
best method to use is the one thar allows the
individual e produce the best blood film.,
Ty as many methods as possible, and re-
view the blood flms for even destribution
of leukocyies and the presence of an ad-
cquate counting arct. Adopr the one thar
swarks best for exch individual, The only
nsethmd that s dscouraged @ the wsed of
the “pull® preparation normally wsed for
cvrology preparcation (see Chaprer 15,

Figure 1.B.  Two meiheds for proparing a blood film.
(&) Thee oy glicke s estixd an an fingss shar than
heing held between the thumb and index lingern The
methosd presenis sacess e peeseare on the pish slide.

E s masive prevsune resulis imouneven debnibatsan of the
lpukorwies bo the feathered edge. (h) Bath & push
slide arel leasd filen slide are in the hands. This (ech-
nicpue allows scemee indniduals beler coniral of the
slides. These are additional echniopees for Boosd film
prepuratian, Ty ax many methads as possible and

rhaoae the npe that peoduces the best blossd [ilm
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The methods of blood film evaluation and
estumates for leukooyte and platelet nuan-
bers were developed for che dissribucion
of these cells in the traditionally prepared
Blogd film. One important note on prepar-
ing bloed flms 5 1o note thar the angle
I:FF I:I'I':' .-rII.IHI'Iﬁ !-ilil:ll.' |:|I."I."|1!'I.'I [ €43 FIIII'I'iii.'l!! |
good blood film depends on the viscosiry
af the Bload, Thin (anemic patient] blood
reguires a steep angle or the Blood flas may
runt aff the end of the slide. Thick blood
(dehydrated patient | requires a shallow an-
gle or the blood film will be too short and
there will be an inadequate counting ared
I:|"i;:|une' LSk,

Practice s the only way to develop good
Blood hlm=—making skills. Figure 1,10 il
lustrates common problems in Blood Alm
prepiriatical.

The mast common stain used o prac-
rice is 4 modified guick Romanowsky stain
(ff-Cruik ). Romanowsky-rvpe stains dif-
ferentially stain the cytoplasim of the leeko-
cytes. The azure or blue dye ssamms the acid
companents of the cells [nucler and pro-
teinsl, the cosin of ved dye sains the ba-
sic compancnis af the ool jcarbohydrates,
sotive granules | The pH of the st s crie-
ical. Therefore, keeping the stains fresh and
limiting cvapararion are important im main:
taining the pH of the soluions.

Scains should be clanged frequently Jar
beast every 2 weeks oF used often), There
are @ number of Homanowsk y-rype stains
awailable to the pracrice. The mest com-
monly wied stain i reference laboratories
is the Wrght-Giemsa or Modihed W' right-
Gaemisa stoin, These have che nil'.-'.:.nl;.;ﬁq' nf
providing a rroer staining goealivy oo rericn-
Focvres on a blood film and are preferred for
stanang cytedlogeal preparation of lyoph
nisdes and other bymphoid organs, Spend-
ing the time to cvaluate different scains is
recommended,

Ramples collected for clinical clhemisiry
[Eesis GITe H"i'ull”}'-l.'lll.ll."l'_'l'-l"l:l an I.'I:I]II.'A_"'I-I:II'I rl.ll:!.':
without anticoagulant and allowed o clot
forr ar lease 15=20 minuces. Following clor-

[z

=

F:Eurr 1%, The sngle of the push shide and the vis-
cosliy of the blocd deiermine the b=nath of the bland
T, Gap Far oo wilh o ol POV, 2 457 anglo will
praduce a blood il with 3 good feathered edae and
counting area. @) For blood that 15 thick ddebdeatian,
o shalloraur anghe is misadead ar The blkaud Jilm will b=
I shard, (g For bloeced that i shin (anemial, a steeper
angle is necded ar the bicad filen will be oo long,

g the sample is cenerifuged and the wram
is pipetied off, or, if a serum separator
rube is wsed, poured off and placed in a
clean rube and sealed rightly. Chocasionally,
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‘.

Figure 1.0, Blocd Silm examples. da) An example of a well-made Bood film, 1h} Sireaks in the hlood film due o
patelel clumps or duat an the slide Jc) Taa much blaod deopped an the slide or the anghe of the push stide iz oo
T, 0 Tew linke Bikonnt eivpepend an thar slicks cor S arggle o the push stk is o high, (8) Hesstation with aleupi
liftng o ther peh slicde al the erd, () Hesilalion, 1R} Do of blaod allowed fo =t oo kng before makng the slide,

Copyrighted T:m:-rml
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samples are collected in heparin and plasma
g collected. This & waally done when the
vilume of the Blood sampls 15 expected o
b small, such as wich puppics, Kirmens, o
pocker pots and in severely dehvdoated pa-
vienes. The volume af plasma obained From
il I‘I':H:IIJ 'I:II'II.rIII." % ':!II:h:'" |.'JI':I|'I'I.' TI:Ii|1I I:i:lr
SErUIm,

D addicion, the sample can be cenrifuged
pmediately for testing rather than waie-
wag for clot formatzon, Ie s tmportant 1o
remember that nor all chemistry tests can
ke performed on heparinized plasma and
that the corvect Iy af Eu.-|'-r|r:'|'| musr be
wsed ||:|r|'||.|.||:|:| I'Il.']'.\..ll.'ill.:l. It ix esmential that
the serum or plasoea portion 6f the bloog
ic separared from the cellular portion as
sood as pmsible, Delaved separacion of the
Blodd sample can cause sgnihcant artifac-
tual changes in several chemistry param-
eters, The tesrs most consistently affecred
by prolonged exposure of the serum or
E‘ﬂﬂbll'm ta cells are FIUL'LI.‘\.L' aim ]’!||:||_|:..|'||1|_|-
rus. Pobassium concentnition can also be
'\-.i;"l_.'lil'-ll_';ll1[|:-' Increased over time 10 patients
with imereased plateler numbers and in cee-
cain brecds spch as the Akita due tooactive
cranspiort of potagsiwm oot the cells inte the
SO,

As with whole bloed samples for hema-
raslazy, serum samples should be examined
and changes in color and clarity recorded,
The presence of lpermia, hemolees, and
icterus shoold be nooed in che record when
present. Most clinkal chemistey  insora-
ments will provide information cencerning
'I.'||'|'||'||: ir||:||'|.'|-:||:|:|| I.'II.I:III.'J] I.'I.'II."'II.'I'I'\-\.'. L fests are
afferted |1:." ]Ir\lt'l1li.l.. |1-:'|1H:||1.."\.i'\.'._ and teteras,
It is important to note these effects when
cepariing results for @ sample with these
changes.

For wrine samplss, the mechad of callec-
tion shoold always be recorded. Interpreea-
rian of the resule of the urinalysis wall be
grearly attecred by the method wsed, Opai-
mally, eyatocentesis and cathererizaion ane
the prefecred methods of orine collection.
Collectioat and starage Gof the unine sam-
ple in a clean, sterile container wall allow
culloute b the sample it the urinalysis re-
sults supgpgest & pemsi ble septic process. Urine
samplis can be stored bnthe refrigerated for
24 hors it the sample cannos be progesse
within 1=4 howrs, If the sample is refrige
|.':"|I-\.'|.|1 ir miusr be allewed ro msch roam
tl.'ZIfI]'.l"rilrl.If-E' Flril.ll.' (4 | iIIIiII:«'!-iH. T]'II.' ill'li:l.:l.l."
tual effects of wrine sample handling will be
further nutlined in Chaprer %,

The vererinary rechoician plays a pivoral
vole w ehe provision of clinecal laboeazory
cata i the vererinary practice, To do this,
an understanding of how laberatory dara
is prodduced [instrumentation), an under-
hlrl|'||.|i|'+'. ioff the basic }'l'.'l:.'hi-::l|-:aq!__'p' behinad dis-
el s processes, and experience and training
in blood Blm evalwarion will allow the tech-
nician o provide excellenr daca, recognize
incongrucnt laborargry values, and anrici-
pate further resing by che veterianan,

Althourh the vererinaran s the indi-
vidual responsible for interpretation of
dara dwring the piocess of diagnosis and
ereatiment fellow-up, the rechmcian s the
tiglivachsal thie 15 responsible for overseeing
the provision of accorate dasa and trog-
Bleshooring the proocss when prablems
arise. The following chaprers focus on
Frll'l'l-l]l:lﬁ_ AT VTV IEW '::IF I'I!.'I1|.ﬂ|":ill:lﬁ:l-',
I.'I.|1||I.'a'|| n":u*-|1|1'\.rrg.', |.|:'||:|.'||:|-':1'\.. .-il:l':l |,::|-'r|||4:||.:g.'
thar will emable the veterinary technician
re B a peoactive pact in practical clingcal
pethsalogy,
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Components of the Complete

Blood Count

The complete Maed cou (CBC) 15 2 pro-
cess by which the cellular components of
the blood are evaluated. The components
af the CRC provide dara thar is used o
distermane whether there are abnormaloties
in erythrocyees, leukooyres, and plarekets,
The packed cell volume (PCV), hemarocrit
iHerl, hemopglobin concenerarion, and in-
dices tluat describe the siee of ﬂrj'!]l.n'hcf.'lm
and the concentration of hermoglobin wichin
the ervehrocyies are vsed o evaluarne ery
thracyies.

Thie white blaed cell count (WHBC) and
cifferential leukocyte count are vsed o
evaluate leukocytes, The blood Alm eval-
wation is an essential part of the CBRC and
ie used o confirm the numbers obrained
b the auammated o manoal CBC and o
fully evaluate cell morphology, The CRO
can be auromated or performed manually,
The auromated CBC includes cach of the
above components, while the majorny of
II:IHI.L'IH.I FBFJ I'JI:F st iIIi:IIJd.E Mmeasurenwent
of hemaoglohin or the ervthrocyte indices,

The necessary items for 4 manval CBC
are shown in Figuee 2.1 Because it can be

difficult 1o fully interpret the results of 2
CBC wiathout a total protein, this measure-
ment should be included as an impaorcant
campenent of the CBC. The total gronsin
cin be obeasured by refrictometer or by an
in-hasse chemistry instrument,

The Hemogram

The hemegram s the collection of spe-
cifie mensurements thae allow the weteri-
ruerian b evaloate o patient’s erythrocytes,
leukacyres, and plarelers, The postion of
the bemogram char conraing the paramerers
thar assess erytheoeytes is the ervthrogram
and the portion that relates to the lecko-
cvtes 15 the leukogram, Placelet parameters
are often repored wich the ervthrogram,
Most auromared cell counters will provide
thee followng messerements:

o loed cell count measared in cellsipl

¢ Hematocrit (Her) measured in percent

s Aean cell volome {MOCY) measored in
femitalivers (1]

1
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FlE'LIH' 20 da) Hewesviometen ] Rolvac ot
1 B eahamatee it tube sealant. i) Liveagrerihe syslom
dilueri reservolr and pipetie. (=) Bcroscope slides.
iy Micriohemanscril lubos. @) Uaopeie WHC coun-
ng syskem,

= Hemopglokin (Hgb) measured in gidl

= Mean cel hemoglobin  concentranon
(MOCHC) mesured in ghll

& Mean cell hemoglobin (MCH) measured
in p

. Matelets numbers i 1_-|_-||_-..|'|,|_|__

e Whire blood cell connt in cells/ul.

¢ Lepkocyte differental cell couns in per-
cents and absolure numbers in cellsful
(Table 2.1).

The Erythrogram

The three erpthrocyte parameters n the
erythrogram thar are directly - measured
by moast in-clinic hemarology inscruments
are hemoglobin,  red  cell count, and
red cell volume. The remvaining red cell
m rameters—AMOUHC, Hee, and MOH—are
caleulared from che measured values, As a
resulr, if there are artifacoual changes in the

measured valwes, the calealated values will
b erroneous.

Each of these measurements can help
idenrify and characterize the anemic pa-
tient. The definicion of anemia is decreased
circulating erythrocyies. Therefore, an ane-
ntic |'|:|‘ri|:1|r will have decreased I.‘r}'l‘l'lrll'
cvte coune, decreased Her, and decreased
Hgb. There are occasions in which all theee
of these measurements are ot decreased.
When this happens, an mvestigation oo
why this discordance is present should be
done, To understand how discordant val-
LI BECcr, the echmician muse understand
l'll:m' E I‘.Q'H! messureinents are I:I:Iil-l.k!.

The majonty of in-howse hematology
instruments measare hemoglobin using a
spectrophoromerric  method. When  this
mtethoad 15 usedd, 2 fxed amount of Blood
15 dilated i a lysing selution mo release the
hemoglobin from che ervehrocyies, Then, a
light of a specific wavelengeh (540 nanome-
tersh is passed theough the fluid containing
the released hemoglobin, and the amoene
that i tramsmimted o the photocell on
the other side of che fluid s measured
(Figure 2.2].

The amoans of hemoglobin present is in-
versely propomional to the amount of lighe
that is cransmiteed, The less light thar passes
through the fuid, the more hemoglobin will
be measured in the fuid. Therefore, any-
thing that will decrease the amoun: of light
that can pass through the Auid or scarters
light as it passes through the Auid will cause
an artifacreal increase in the hemoglobin
measurement, Artifactoal dunw:s in the
measurement aof h{'nl.|1|..'_||:|i'.-in will |;|1rn_'r|:.-
affece the caloulation of MOCHC and MCH,

Tlee red cell coune is a direct count of
vaclvadual cells as they pass thoough an
chectrical field (impedance) or a fow cell
tlaser councers) (Figure 2,3, Erroneous red
cell counes will atbece the Her and BMCH.
The MOV s a direce measwrement of cell
stz that 1= r-;_'|.:|:|:\ﬂ i the I'II.'IRI'III‘I.Il;Il'." nf
the disrupred electrical current as cach cell
passes through the instrument. Erroneous
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Tabbe 2.1, Comngunents of The emagram.

megmmen!

Companen] Measunesc

Linits

HemalocriPCY

Hamogledsin cancestmiion
Eed oell coun!
Al codl vl (R

Megn £l hemaoglahin
coreeniration (MEHT)

Mdean cell henoglahin
(MCHE

Tatal white hlocd cell caunt
Plancdet coumt
Seutraphil copn
Ecsiphil coumt
Sdnocyle count
Lymphacyte count
Basaphil count

%% neutraphils

‘#a eosinophils

T MonaCylcs

e lymphocyies

% basophile

ieasures the RBC mass a a percentage
of Bl . Tha hamatee it is caleuland

by an instrument and e POV s

M sL el

Mdeasures the asaunt of hemaglahin
cantaingd in the hlood

tteasyres the number af red blood
ceel lerunit wol umes

hdasures the average wolums of the
incirvichul mel blooel cells

Mmasures the svempe hemoglohin
cancentration in individual ped blood
calls

Measures the avempe amount of

hemoglobin in the individual red bood
call

Fbeasures the number ol white bleod
cellsfunit vl e

Mbeasures the number of plateleteiunit
s | L

Kteasyres the abesolute numbser of
nedtraphiletanit volume

Mheasures thie abwaluio numbss of
eosincghilsunil viluee

Mteasyres the absclule number of
Mmooyt vilume

Pbiasures thi abrcluie numlss of
lymphoylesiunil v e

Mteasures the abaclule number of
basophilefunit wolume

Thi percentage of neutrophils in the
tokal white count

Thie percentage of ecsinaphils in the
todal white count

The percentage of manccyie in the
intal white cound

The percentage of enphocytes. in the
total whibe count

Thiz percantige of basoghils in the wolal
while caunt

Percent

Gramaidecilitar dgil)
Millirdmicmditer 1105l

Ferrsaliter (01 ar culaic
micrameler ium?)
Percaeni

Ficogram (pgi

Thowsanidsdmicruliler
(10l s
Thousandmicsnliter
(107 el y
Thoymandsmicmliter
(10"l s
Thiougandusn csaliter
0
Thousandsmicmliter
(10l s
Thewsandasnicsnliter
([
Thousandemicrliter
{10 sl
Peroent

Percent
P rcent
Percent

Farcaent
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!'I-I]fm 5l mm
filuer
540 nm !'l]nm
wastlength
i) ighe i i
Figure L2, Thecomponenisal a simple spectrophadameier. The filieral ks ore wavelengih fram the light source
10 puires Thiscsagfh, 540 nin dn thae case al komoglodin medasursarsat. The hemeglobs in g sl will abscel thae

light im poporics & the amounl of kemeglohin, The more bemeglobin in the swmple, the b leghs il poss
thraugh to the desccion. Arvgthing, thar will intefere with light passing through a solution wilf ermoneoushy inoneae
1hisr il mieasdmmiant al Eamicgledin, fa} Thee samgabe has o kigh cancesnnation ol benoglobin, alxeshbs a
larae amourd af the 540 nm wavelenglh and, therefore, & small amaount of the light passes through the sample far
dirtectian. bl This cample kas abow concantration of hessaglabin and, tharedfoee, a lage assaunt of tha light pases
thenuph thar sampde o dielectian,

samgple

1a) 1]

Figure 11, Schematic of an impedance caunter {20 and a lassr counter (B () In the impedance coursen, an
electrical curmenl b5 crealed acrees o small opening dihe aperwel by the extemal arsd internal electodes, A the
colls ann aspeiikad thraugh the bgreilur, hay diseipt the clidanl e peapection K e sibe ol e el & adosall,
bogh the numbser mnad size of the cells are measyeed, [h) Inthe beer coonlern cells fow throsgh a channel inosmgle
file and pass through a single beam ol focused light. Trelight is scattened toa differerd degree by the different types
ol Calls.

Copyrighte
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mgaswrement af the MOV will atfect the Her
anel MOHC,

Mhe plateler count s usoally reporseed
with the ervihrogram. Plarelers are directly
counted in most instruments. They arne
counted in the same cvele as the ervthro-
cyties, The two p||p||.|:|r|1:-|1'\. are u.'rl.'lrilrl'd
by their size. Inm thoses instruments char
use impedance, a histogram (2 discriburion
curvel shows the stee diffezence berween the
platelets and erythrocytes. The instroment
must he able to idenrify a valley between

ol Side i Feindodingrd
taj

the twa populations o prodoce an accurare
platelet count.

ln some cpses, large plarelerss (macrn-
Patelers) may intertere with the count,
Large plarelers are produced when plareless
are being consumed. Cavalier King Charles
!-ir'il"ll\.'l'\i can I'I:I'i'l." |.|.r!.u‘ '|'.-|.|.h']-e'rx #1% A |1|.'\l!'|'|:|
characteristic, Figure 2.4 shows threa his-
ragrams, one from a patient with normal-
sized platelers, one from a pacient wath
simall ervthrocyies, and ooe froam a2 patient
with macroplatelets, Plareler clumps wall

el Fiow in ferrdoditers
ak

Cedl Hze in femogbes

FlHurr T4, R Bocel cell and platelen g ras. da) SNoemal Betiogeam shirad g s welb-de linsd = vallisy™ Telwson

the pilatelely and ghe med Bood cells, §h Histogram irom an indradusl wrih small red blocsd cells tha estend inio

e plale ke sl
irad i

leww platelel count will be meporied,

s rarmes, making ivdificult for the instrument 1o 2 curately cominl the: planclels. [Cf Hiskgram o an
lagie jalarsd eds. Inothis 2o, teee g pliai bt sl T 2oyt an me Bl Gl anmil an artilis tually
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alsor interfere with the plareler counr, Small
clusters of platelets are lost in the red cell
population and, therefore, wor counted s
plarelers, The larger clusters are noccounted
ar all. Evalvation of the blood flm is nec-
casary for idemificanion of macroplareles
and '|:||al|:|L1 1:||.|.1'|1|:|u: and h'ltu'rpn:tuﬁl:m af
the plateler count.

The Leukogram

The tatal white blood cell count, leckogyte
differenrial, absolune keukecyre counts, and
leukmeyre mor phology abnormalities are all
OO Ienes af the ]l.'|.|]-:1:-_|1',.r:||1|. The total
whire blood cell coune and, in some instro-
ments, the absolore number of individoal
cell rypes are divecr counts, Although there
are in-clinee testruments that offer aoto-
mated differential and absolute ditferencinl
cell counes, Blood films should ke reviewsd
o confirm the number and distribuzion of
leukocynes.

This can be done quickly by examming
the slide ac 10 for overall cellularicy and
ar 40x o confirm che differential. If on
rewiew of the blood filoy there is concern
for the accuracy of the instroment differ-
eotial coll cownt and absolute n1||r||.'x-r:-;:, a
manual differential should be done. In mose
cases, 4 100 cell differential suffices. How-
ever, tf the tomal cell count 15 greater than
A O L, a 200 cell differenteal should be
done, The more cells counted in che dif-
ferenrial el count, the more accurare the
caenit. A essenrial part of the lenkogram s
ri'll.' I:IIIZPTFII'H:IIIZFE.;‘!'_'?II |."|.'.'|||.|.-|.r||:||.1 I:FF l.'I'I.ﬂ' I:""IIL:I.I'
cvies, Comments on the presence of toxic
change and Dohlé bodies, reactive lyme-
phocytes, and arvpical or unidentified cells
should be noted where appropriate. These
changes will be discussed in Chapser 4.

The manual ditferenial cell counr is the
most fime-consuming cemponent of the
CBC. The process can be shorened con-
:-;i-el:-r.ah]:.r l'r}' the wse of a datferencial cell
counter, Two cvpes of differential cell coun-
ters are shawn in Figure 25,

fptom,  mechanical

Figure £.53, Uell

caunter; g, elecinesd cannter insel: individual cell

Cauniers,

raunk

The digiral counter has the advanrage of
cilculating the absolute numbers tram the
percentages abiained in the differeniial cell
count, In addivion, most -diﬁlTﬂI COALTNTe TS
have a key vo count nucleared erythrocvoes
MRBCY withour affecring the differential,
If the rechnician is wsing the mechanical
cenpiater, an additiomnal simele comater will be
necded 1o keep track of the nRBC, The sin-
gle counrer is also wsed to counr cells on the
hemocyremeter when performing the man-
ual WHC,

Manual whre '|'.-|-:|-m_:| .,:rl! oS iy |1|_'
needed in some cases, such as when the
armasunt of blood obrained is insufficient for
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Figure Eb,  Hemoowsameler and Linopethe syetem o
marnally coursing wheke Bkuod cells.

an avtomared count or the blossd Glm does
not verify the avtomared WBC, Manual
cell counts are most commanly done using
r]'ll." I.IIi.I:IrII'I:EIL' '\q.'xh'nl. ?II:IL‘I i I'II.':II'IIIII.'!a'tlZHI.'II".'\'."r
iFigure L6},

There are several cypes of Unopeme sys-
remis available, Table 2.2 lists the sveems
miost commonly wsed for white Blood cell
counts, IF more than ene system is wsed in
the clinig, v is important to e sure that the
pipetes are used only with the correcr dilu-
el reserviir, The |.'|i|'h.'|.|.l.'.‘\. Medsure @ spe-
cific wolume that s different for each <i-
fution reservair, There are several oypes of
hemocymemeters. The hemocyrometers with
the improved Meebaver grid are e mast
commeonly wsed type (Figure 2.7), The cov-
|_=r'\.|||,1 that accompanies thie |'|:_'n'||1|;}'rnn'u,-
ter is specifically weighted for uwse with
the |:-L'I'|':|.l|.'}'||.'ll'|'.|.'L|.'r. Extra -:.'l'.l'l.'l.'nii]‘\-s slould

Tabde 2.2, Typwd al Linapalle sy,

Method Conienis

Leukoryie A% acelic acad jcannal be

(R used 1o coped celly in gaint
Auid

Phteletleukocvte 1% ammoniam oxalabe

[HET 1]

Reliculncyte
skalm i

P meetbrdione hlye

Flﬁuhl' 7. Meubiauer grE loe counting celle.

h‘l." pun’.‘h:lh"\l.t [1§] .I'l.n'l"a'{' LKL I'Iill'll.l 5[ e IIf
breakage,

The following is a shorm pn:u:n:l-.;nl for per
forming a WHEC using a hemocytomerer and
the Unopetie systen:

L. Place the blood h:‘ll!‘l]"-h: on the sam-
ple rocker to mix choroughly [Figure
2. Hal.

2. Clean the grid susface ot the hemo-
cypometer amd the coverslip with wa-
ter amed a dust-free tissoe (bens paper
wirks well), Wipe boch dry, Be gentle
with the fragile coverslips. They are
wsually broken when being cleaned.

3. Place the covership over the cousting
area of the hemocysometer,

4. Using the piperte cover, pieroe the di-
aphragm of the rservoir o open it
{Figure 2 &)

i, Charpe the Unoperie pipette waach
hlood. Capillacy acrion will draw the
blood wp to che hub of the pipetre,
Carefully wipe off the ougside of the
pipette being sure wat to touch the ap
of the pipette with the tissue (Figures
2 8.

f.  Squecee the Unaperte reservoir slighely
and carcfolly seat the pipene tip
Erm:l:." ity the 1|.-:'.,:k nf the TESECVINE,
Release the reservoir o allow the
vacuam 1o pull the blosd inte the
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1,

11.

12,

13,

14,

dilurion fluid. Genrly finse the piperte
by shightly squeezing and celeasing the
reservair fo force Aued inco the piperte
withour spilling fluid from the open
cnd of the pipete (Figures 2.82,6),
Allow the charged reservoir to it for &
||11'n|;.|h:1 ANl il nlh:kl.'r (447 1|.|-:m‘4.:|:||1:|p|¢|:e
Ivsis of the ervthrocyies and o mix
thoroughly. 1f a eocker is not avail-
able, Be sure to mix the reservodr gen-
thy 10=13 pores just before charging
the hemocytometer (Figure 2.8},
Remove the pipette and sear the hub
back ineo the reservair,

]u:t before ]:.l|i-|.'||!|g the tip af the
pipette it the chargg channe] on
the hemocytometer, expel a fow drops
1o clear any residoe in the pipette thar
maay 1ot be well mixed.

Gently squeese the reservoir to form 5
small dreep apd seric in che charging
channd of the hemocviomerer [Figure
2 Hla).

Albsw the Fud o be palled, by cap-
illary action, under the coverslip just
until the chamber is flled. Pracrice
may be necded to accaratcly charge
a hemocyeometer. [F the chamber &
averfilled or underfilbed, the oot will
not be accurate,

Place the hemooyrsimeter in a laomidi-
feed chamber {Figure 2.9,

Place the hemocymometer o the mi-
croscope gage and view wsing the
10 ohjccrive. The stage will have 1o
be lowered significintly o bring the
|:|1|,:||1|.'ing, |.|;r'i|;| o the h:m:r-,.'_l.lthcrrnﬂq'r
i:nm '.-'irw. er I"|:||.:1|.$|n|:; nn ;|1:: rip |:|:|:
the charging channel, ir iz casy to find
thie geid by moving the stage in the di-
rection of the poing of the channel.
Count all the cells in the ¥ large
syquares following & patern thar stams
in the upper-left square along the top
roww Lo the righe, down oo the middle
TCNy .'|||:mg i rl'll,-. ||;'-'|:|'I a.nn;| [hl:n -:Euwn
o the bottom row along to the right
Again,

Flgure 29, A pei didh, svall absoent papses, and
vy wecBimns ol an spplicekar dick see usd 0 maks
a kamidity chamber A small amouri of water s waed
1o maisien the paper. The hesocplomeer is placed in
thas chambser foe ahoed 5 minuies io 2l the cells ip
sefile anlon the sumace, Oince the cover al the petn dish
i in plogs, thee mcisan dicoy e incsten papar will
prenvent sy of flid dnem urder The cover slip doe I
evapoaaion.

15, In order o keep tack of che cells
that fall on the lines of the grid, in-
Cludde the cells on else vop and lel Lines
of each square in the count for chat
square. Figure 2. 10 illustrates the grid
and how cells ave counted.

Charpe and count bath sides of the
bemocytometer, The counrs should be
within 10% of each other, .‘I.vrra;p,-
the two counts before caloulating the
WBC using the formula provided by
the Unopette system used.

Fie sure to thoroughly clean the hemo-
eyrometer and coverslip before storing
thim.

15.

The Blood Film

The blood film is an essential part of the
complere Blood count. It can be used as
an internal contral for the whice bloed ool
cownt. differenteal, and pleler comne. As
ciscised In {_-ﬂta;ﬂ'cr 1, & |.|;|1n|:| 1w foarm
blood flm i ewsenrial o the process
of Blood film examination. There is an
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Figure 10, Whencounting the cells in the grid, itls
standand practice s count the cells thar are an the limes
ima slandand paitem ko keep from counting a cell fwice

The cells on the tap and lefi of each small squarne are
coandend weith Thinl scpuan, sadailee the cells<m T B
and righ| are red, In thos fiskd, the red ool an the lire=
Ivsquancs 1.4, & and 11 will be counted in each of
tharir s e iinae sequines Bedcacnss sy g thae Dop On
lesft lines. The resd cells an the e imsmanes 12 and 15
weill b e ludend frim thiir e livee euanes hoecac
thary qine s Bree bcalioom Bine.

“amitomy” o the blood [lm, and each
pacct of the blood Glow is used for a specibic
LTS

Figure 2,11 illustrates the regions of the
Bload filnx: fearhered edge, counting area,
and body. As the blood &lo s oeade, large
things such as plaselet clumps, large acyp-
ical cells, and microfilaria are carried m
the feachered odge. However, in this area,
the erythrocyees and leokocytes are flac-
tered and do st shaw a normal ml:l-rphm-
ogy, As a reswln, ervthrocvee and leuko-
cvre morphology cannot be evaluared inthis
arca. Evvtbrocyvie and leukocyre morphal-
agy evilwation s done inthe cownting area
where the blond cells form a monolaver,
In the counting arca, the red celis in thase
species with a good cenrral pallor, such as
the dog, are easy to distinguish [rom arvp-
ical cells such as spherocyres, and the cy-
toplasm and nocleus of the leukocvees are
clearly scen.

Flgure Z.11.  {a] The teathanad edge. (h) The counting
areq. ) The bady ol the fim,

[in a well-made blood filo, the leokocyre
destribugion will allow an estimation of the
WERC count and an accurate differential cell
count. The body of the film is in the chicker
partion of the bloed film where the ced cells
are qust overappig, Figure 2211 tlustraces
the cell density seen in each of the three
arcas of the blood flm,

Evaluation of the bleod film is done ac
several levels. The ingtial svep is scanning
the slede at low poweer | 10k |.1|.1|:»;|;|'vf:l fora
quick estimare of the whire blood cell count
(=350 whire blood cells/feld indicates 2 high
count, =20 cells/feld indicans a low cell
conit] s review of the feathered edge for
large cells, plareler clumps, and parasios
(i miceofilarial. On low power, the qual-
ity of the blood film can be devermined fi.c.,
v the cell disteibuation even or are all the
cells at the feathered '-":IF'-‘?;'- This quii:k As-
sessmient of the WEC count can be used 1o
suppast the manual oF sucemared count. &
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mose acourate estimare of the WEC count
can be done using the high dry objective
(40« |, When using the 40 ohjective, it 5
important re use 3 coverslip or che cells will
not be in focus, This estimare is done in the
“counting™ area of the blood flm. The fol-
||1w'inE skeps can I 1|.1:|..-|]. forr this csrimnh::

1. Count all leukocyoes in 10 40 Felds,
2. Toal levkocyte counted £ # of felds
connted x 2000 = estimated lenkocyie
Coune
A0 I ehe paviest is anemic a coreeeted
count can ke abrined by the following
formula:
Corrected coont = {estimared count =
factual PCY ¢ normal FCYY)
{For the “normsal MOV, wae 45 for dogs
and 35 for cats)
Example:
100 cells counted £ 10 felds
10 = 20y = fapproximarely)
20000l
PCY 22
annng o« (2AMS) = {approxi-
marely) 800 L

A similar fermula can be used ro estimare
the platcler count. For platelets, the estimare
15 domne wsing the odl tmmersion objective in
the |'|-ud:.r of I:|'||;.= hliod Rlm. Thc f|1|.||:rwir|.3
steps can be wsed for plareler estimare:

1. Count all platelets tn 10 gil immersion
fizlds.

2. Total plarcless counted 7 & of felds
counted = 20,000 = esrimared placcler
COURE
Example:

100 plarelers counted /10 felds
0w 20,000 = {approximarcly]
200,00kl

[Moabe: if the number of plagelets
seen in each feld s 10 or greater,
the parient should have a normal
placeler mass).

The above estimares of the white blood
cell and plateler counts are based on a san-

dard objecrive working field diamerer of
(L63 mm. I the working held diamezer of
the cling microscope 15 larger or smaller,
the estimares may need m be adjuseed for
thar paricular microseaps,

W35 Fway 430
h o %l

rglh !

o -;".n';
.8 o -f.ﬁ.'
&

Figure L12, dal Moie the flattened and disioried ey
thracytes amd neurophilts ol e feathered cdge. dbi
Pt fhir cuntral paller im the wrgthrocytes and the onsp
nisclaus of bath the reutrophil 2nd morocyie in the
COMBENE, asrea. [EF Mot thee incmised density of ths
wrplhranytes im Bhe bewly ol the oo Glm,
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Mrer the WHO and plateler counrs are
verified, morphological esaloation of ery-
thracyres, lenkooyvtes and platelers can be
done. Platelet size, changes in leakocyre
mosphedogy, and ervtheocyte morphology
should be nosed. Lenkecyre avvpi and evio-
F'Jil"-“.'ll-\_' .|.|.'|:|-::-r:|1:||:|r|-:": !-I:I..'|1 A% reskctove I.:-'II.'I'
phicyies and m'ul:rnp-hil taxicity are im-
poitant Gndings o be noted in the CRO

iFigures 2012, 2130 Theme are several
changes in the ervthracvie morphaology that
showld be reported, Changes in stz (aniso-
cytasisl, shape {poikilocytosisl, calos {poly-
chramasia or hvpochremasial and the pres-
[ T U:- I:I'Ii.'|.u5-il.|:|1‘-\. ciln ;:‘1.' SECIL |'l|.'Lil.L|h-L' IJI
l.l:llli-e‘r|:|-'||'.g I:II.TI.'.J!n!' PreRIEERES, Thl." Hr‘l'l.'lr'il.'
abnormalities idengified in che CRC will be
discussed in Chaprer 4.
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Hematology: The Erythrocytes,
White Blood Cells, and

Immune System

Hematology is the study of che cellular com-
ponents of blood. Blood s composed of
both cells and ol The cells are white
Bload cell (lenkocyes), ervchrooytes |ery-
thracyiesl, and platelers, The fluid compn-
nent congists of waner, procin, cloorrelvies!
mivserals,  lipids, soluble  carbohydrates,
aming acids, and other noncellular suh-
stances such as hormones. Each component
of blood has a specific function and can
|.||..'||:1[.."|.' i rospoise Lo disease srares. This
chapter discusses the cellular components
af blond and mcludes normal physiology
of cach cell rype.

Immuneleey is the soudy of the immuone
system. The inmuone system s 2 complex
cellular defenss that recomnizes foreign sub-
stanges and infectious agents and mouns a
FCACTiGN Lo dl."\.[rl.'l:r' che 1l.rr|.'i4.'.|'. HELS] . There
ape two primary divisions of the immuone
systean: ineite ooty and acquired m-
miumity, The cells of the innare immune s¥s-
cem include the peripheral blood leokecymes
(newtrophils, cosimoghils, and monoeytes)
and are discussed inthe hemarology section
of this chaprer. Acquired immunity requires

the stimulation of lymphocyres and is dis-
cussed 9% @ separdre socrion.

Hematology

The enwmeratwn and maorphological evalu-
atin of the peripheral blood cells are essen-
tial parts of the complere blood count, An
understanding of the formarion, funcrien,
and perpheral dymamics of white blood
cells wall alloww the vetersnary technician to
accurately identify and repast changesin the
CBC associated with discase processes,

Hematopoiesis

Hematopoaesis is the productien of blood
cells. All peripheral blood cells are formed
in the bone marrow from a single cell, a
stem cell, The stem cell produces cells char
commit o a specific cell ovpe in response
243 '.]:-'.':.'ilia.' ;.:rl.mll]l factirs. HEII:I:].lLIF‘-C:-iL‘Hi'-

33
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Flll.llil 3. The hemalopoieti: lssud i prsan] seilbim thi mmor o spoc s G The Deeg Banes, Thi matan lakaistes,
erpthracytes, and plalelets are refeased inlo the cerdml sinusoids of the marmow and, sventually, infa the peripheral
b=zl Mesmal sugpponive struciunes al the hore mamaw ane as esential to romal blecd cell praduction as e

hamalpoits colls.

is separated  into grapulepoiesis  (noeu-
trophil, cosmophil, basophil production),
erythropoiesis  (erythrocyie  producrion),
and megakarvopoiesis (plateler  produc-
Lioi ).

Bome macrow i fownd within the central
core of most bones throughowt the body,
Figure 3.1 illuserares the soructure of bone
MHArFOw.

The bone marrow conseas of suppart-
Lve -L'ellx, ther 'i1.|.]'.|r.|l:l\:l'|:i.'¢'l." ke |:|:|.'II.' -
croenvirenmentl, and hematopoieric cells,
The suppoitive oclls thar provide a produc-
Live mrsenyvironment are macrophages,
fat cells, Abrocyres, and vaseular endothe-
lial cells (cells thar line the blood vessels),
The hemaropoictic cells are uncommirted
stem cells, committed stem cells, and vari-
onis i buration sages of each cell type. The
MiCroenviFanment is extremely irn'p-urranr.
Injury to the czlls and supportive scrucTores
of the microenvironment will result in de-

creased production of Bloed cells. In addi-
tton b0 the striectucal support, the mecroen-
vironment must provide access o certain
circulating hormones, growth facoors (sub-
stamces produced by supportive cellsl, and
FIMETEENILS.

There are many factors that control
hematopeicsis o maintain normal nume
bers of ervihrocvees, whine bloed cclls, and
platelets amd to inensase prodection af each
of these cell by pes when needed. Fi.gu:ru ir
illustraces the progression of hematopadiesis
from the wncommitted  (pleveipotenciall
stenn cell lar gives rise o all blood cells and
primary growth faceors char acr oo promaote
produsction of these cells,

The stimuli o increass preduction of
cach cell rype are varied. For example,
E:I'ﬁl'lﬂ'fltl.‘:f‘l‘t frrur]m:l:i-l'n-ll s+ increteed dnore-
sponse to hypoxia pereeived by the kidney,
The cells char surround the wbules of the
kidney respondd o changes in axygenarion
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Seem Cell .

SCF

Foed Tll Placel

SCF - Stem Cell Facior

GM-CEF - Granukacyre'Manooyte:
Caolony Serryhting Facior

GuZEP - Granulocyre-Colony
Sumulazing Facbor

M-C5F < Manocye. Cobony Somulating

Facror

GM-CEF

</ \r
1 € 00

Peutreghil

Figure 3.2, The Femampoietic ol lines and the primarg growih faciors that coraml production of each ivoe of

I el

af the sounding tisue. Erythropowem, the
primary hoomone that stimolates ervibro-
paicsis, is produced ar a constant rare o
maintain the normal rare of erythropoicsis,
The circulating coneentration of erythro-
Wil.‘t'iﬂ i'll.!:l'l,".ﬂﬂ!- W]'I.l:"!l'l 'I'H:' ﬂImﬂ‘:ﬂ.ﬂl;il:m I'II
the renal tissue decreases,

There are abso factors char  inhibic
hemarapoissis, The maintenanc: of normal
comcentrations of periphecal blood cells de-

penids oo a balance between the facoors that
promote hematopoiests and those thar -
hibir the process

There are many facoors thar can stimo-
lage the prodeciion of seaerophils, several
I:FF Whjﬂl,.l'l HATH FI'IIHII,:H,A:'I:I A5 S II.'FIJIT rl'l: i:ll EH'II.'I'
marian,

In the normal anmimal, the bone mar-
v produces the majorizy of Blood cells,
The spleen is another ate of hematopoess,
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extramedullary hemartopaeiesis, The major-
wy of blood cells prodoced o the spleen
arg ervithrocytes: however, both granulo-
cvtes and platdets can also be formed in
the spleen. This argan can increase its pro-
IJ'.IL'li':H'. UE I."]'.I'.HJ. L'L'”h '|"¢'I|L':'| ||.L'|.'|.I|.'d. I"I.Il. Cik -
ikt I'I."ril.l.l.'l.' TI'l.l:' I'Illlll." ITIACEES §1s T I:I-E' Ty
sitg of hemaropoiesis, Several changes in
the peripheral blood ocour when the splecn
has wicceased production of ervihrocyies,
wicluding  increased arcelabng  oucleated
ervthroces,

Erythropoiesis

Erythrocyress arc formed in sinussids of the
brerme marrow, surrounded by “aurse” cells
(specialized macrophages that store iron
and phagocynize the extreded nocleus) and
move though the walls of the sinnsnids
into the bleodsiream. Fi[.'.url.' 1.5 ilusrrapes
the pragressioan of the erythrocyte from the
committed stem cell o the matore ervihro-
CVIE.

As the ervthrooyze matnzes it besomes
staller, aveumulaes mare hemoglolin, and
I."\'I'I'IEII.-'I”:I' extruddes its |'|||I.'I.I.'||‘-i. TI'I'E' MEmnI-
ber of mitotic divisions the cdl ondergoes
is closely cegulared and determines the final
size of the ced cell. Durig mormal prodoc-
teon of erythrocytes, only mature ervthro-
cvies are released inne the crcularion

With inceeascd demand, vounger, larger,
polvchromarophilic  ervthrocvies  (arcess
r!'l‘l-\.'|||1h_':|-'h:'h:l AT r|'|!':l'ml]. TI'II' I:lll.ll." I'I||II
of the voung polvchromatophilic red cell
ie due to BMA in the cvtoplasm, e
released, the eeticulocyre will conrinue o
nrake hemoglobo and eventuwally lose the
M A However, it does nog hecome smaller,

The nosmal lite span of the ervthrocyie
vaties borween specics. In the car, nosmal
ved cells cireulate for approximancly 70
I:I.I:I-'T.; n '.I'll.' I:I'::I_I.'“ r|.'||.' r\-:'l:l I.'I.""‘ -\_'lrl.".llilh' 'f-:!-r
approximarely 110 davs, As the red cells
age, they are removed by macrophages in

the spleen and, o a lesser degree, liver and
Brewme naeroow. These cells are replaced by
new red cells roomarnrain che noemal red cell
cownt in the peniphesal Blood, Ervthrocyte
maturation akes approximately 3-3 davs,
As g resole, i an animal has an episode of
:-.igl:l:lﬁn.':lllr Blisiel less, i may 3 ke up by Y
daws toosee any evidence of repensrarion in
the peripheral blood somple

The erythrocytes only functiomn is Lo carey
osvgen from the heng oo the tissoes and OO0,
from the tissoes pothe long, The shape of the
cell, hemoglobin, cvtoplasmic enzymes, and
rreribrane-associaved elecirolyre pumps all
u-:bl'.l‘rihl.ln' to TEIFYETIE LN Ty ITLI[I:I E II.':' ill'l'l"
ol i the lung ti the tssoes, The concentra-
tion of hemoglobin within the ervihrocyee
and the numbsr of erythrocstes in circula-
teon determiie bow well Blood will rans-
paETt DxvEen,

Hemoglobin consists of 4 molecales of
heme, cach containing 1 avom of iren, and
1 malecule af a E'lrl.I[l\.'iI'l. !.'.|l:h|!|u|i|'|. .'"||'|pr~|:l:\-
tingtely 955 of the erythrocyze dry weaghe
is hemnoglobin, Each hemefiron unit can
teanspat 1 oxvgen molecule. Therstore,
cach moleccule of hemoglobin can carry 4
molecules of eaygen. There are over 200
|'|'.|"i':”|. ||'|':FII"I."||II"‘-; -I:I:. I'll'l.'l'll'lﬁli:ll"ll'. mn I'.|I.'|'|
ervthrocyre,

Thee abilicy of the beme molecule 1o cari ¥
oxvigen depends anseveral Bictoss, The temi-
perature gndd pH of the tssoes have sigmb-
cant effects on the exvgen-carrving capacisy
of hemoglobio, In the Jungs, the rempeea-
ture is high (egual oo core emperaneee) and
rhl."' FH [} |:||.‘-|:|rr:||. I'II .II:II:IIr:I'll'I.| AFNEWTEETE L4
centratuon 1= hiﬁl‘l. All r|'||--:|_' I:.a-,:r-::-rt: prormante
oxvgenation of the hemoplabin malecule,
In the peripheral tissues, the remperarure,
pH, and oxygen coascentzation are loweer. In
this enviennment, hemeglobin wall release
IEs QYT 0 the tissoes, The schematic in
Figure 3.4 ghows the moechanics of oxvgen
upeake and release from the ervitlrocee as
i |:r:|'.‘-:'|~: Fr-:bln rl'll' II!I'II.'. Iik lhl.' CORELICE,

The shape of the ervibrocyte also assias
in delivering oxvgen, In manv species, the
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Figure 34,  Orypen and CO; Inanspotalion bejween the lung and the lissge, GO is rebeased Smm the Feragiohin
in the endhrocyies in e caplifary and diffuses irsa the leng alvealus. anthe same fime, osygen diffusss from the
alwcdhuas ik the capillary amd is pickead wa By the hemaghabin in ke argpiheocptes, The sevirse prodsss goaodm
i the lissues with release of coygen inda the lissues whiks COy i picked op By ke erghrocde dae irarspart In

thee g,

hiconcave shape provides abundant surface
arca o exchange oxygen in the lung and
tissties. The shape allows the cells o ervel
elfficiently through the somall Blood vesels
in the tissues (camllaries) and provides the
Ereatest surface arca possible for exchange
of oxvgen in the lungs and  peripheral
EEssLIES.

The red cell membrane consisis of pro-
tein (45% ], lipid (435%], and carbohydrate
(L0 Just within the membrane of the red
cell is a provein “oet” thar maintains the
=|'|.'|'|1¢ of the i:r_w;|1 OV, FIHIII‘: 1.5 allups-
trates the membrane and protein strocture
of the ervthrocyte,

Alerations in the lipid content of the
cell's mrentbcane o the proteos net wall re-
sult in changes in the erythrocyie shape,
There are genetic and metabolic diseases
thar produce abnormal ervihrocyres doe m
alteretions in the erythrocye nsembrane,
Fisr p:-::-l.mph:, hrrrd.ihrg.' dﬁmh:]-uui: 15 A
generic disease due to a defecr in one of

the network proseins in which the cells are
oval-shaped rather chan the normal bicon-
cave dise.

There are many Bcrors that affect the
prnd]u:ﬁqrn of normal r:r]-'rhrw;m:, Twi
processes, hemopglobin svnrhesis and DMA
symthesis, are essential. The concentration
of hemaeglobin svithin the cyreplasm of the
erythrocyte aftects the division of the red
cell as it matures, The maximum amownt
of hemoglobin in the crythrocyres is very
closely repulated. Although the ervibro-
cvte can have less bemoglobin than nos-
mal, it cannet comtain a higher concentra-
tion than normal, Once the concentration
of hemoglobin reaches a erivical Revel, cell
civision will cenwe and the nueclews of the
tmamature erytheocyee 15 extroded, Mormal
1A synthesis is required for cell division
ro occur. Any progess thar inhibics DA
synthesis will result e decreased ervthro-
pn:riﬂis nr prl:u‘l uctran of abmarmal rr_l."rhrn-
CyIes,
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Lipid Membrane

[
)4

Red Cell Surface Antigens

'|!‘|.|r|_-3_5 The erghrasyte shape is maintained by the proten gmd lipid comtecd al the membesee and o special-
ized network of prodeing, Ay Change in these sruciumal mobscules will ater the dape, and, possibdy, the fexibiling
of ah erythicoyte, Anchannd i the mombrane are many surzca anligens thal make up tha o] grops vpss.

Mammalian ervthrocvres vary considers
ahly in size and shape from species (o specics
(Figure 3.6}

Erythrocytes depend on glocose for ther
energy nesds (glyeolysish, As a resals, iF red
cells are left in contacs with serum, they wil |

comtinue 1o use glucose resulting in an arsi-
factual decrease in serum glucose,

There are several genetic disorders of ery-
throeyte metabaolism that resule in anemia.
Alrhough relatively rare, they have been
reparted in several species. In most cases,

gpecies  RBC count Morpholagy POV MCY MICHC
DoOG 6088 o ar-as GO-17 A2
CAT 5.0-10.0 u 24-45 F8-55 A0-38
COW 5.0-710.0 u 246 =60 3035
SHEEP B.0-16.0 i 2450 238 -39
GOAT &.0-18.0 o 18-38 13-30 3542
HORSE B.5-124.5 ﬂ- 3252 H4-54a H-EF

Figure 3.b.  The shape, size. and nusnber of ervihrocyies varks coridembly beween species. The BCHC, have

ever, s farly similar Befwenn spegies,
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Figure 1.7, Giranudopoiesis.

the diseases are associated with hemolyric
anemi.

Granulopoiesis

As with erythrocytes, circalaring keukocyres
are also formed in the sinusaids of the bone
nrarrow. The progression from committed
sterm cells toomatore I:uhh:ynﬁ 15 illesgrated
in Figure 3.7,

Under the influence of specific growth
facrors, the muliiporential myeloid spem
cell will be commrtted $0 becmning gran-
ulocvtes (L, newrraphils, cosinophils, ba-
sophilsl or menocyvees, Production of gran-
ulocvres o maintain normal numbers in
the peripheral Blood s a balance between
sri'rnn]rlriTq.; Hﬂ:l'-l"fl‘l :f:.l.:l:n:h:rs ;m:l. #@ I'II:'H.'ITi'I.'I:'
feedback from che marre granulocyres in
the periplieral bload. The rvpe of geanules

preesent in their cytoplasim derermines the
tdentiry of the granulocytic precursor cells.

Neutrophils

The nenerophil is the most commaon grang-
locyre in the periphecal bloed of dogs, carts,
bk, and horess, The neurrophil™s name
e derived from the fact that when staimed
with the routine Romanowsky stains used
fior pesipheral blood films, the granules
in their eytoplasm are “neuteal™;  they
clomt'e stain red {eosmophilic) or purple (ba-
sophilicl, The primary function of che neo-
trophil is defense against bacrerial disease,
The neucrophil is very efficicnt ar engulfing
and deseroving bacreria. The granules con-
rain SNEYImes .'|11u;'| nnti.b.an:h:riaJ 5|.|hesmn:ﬁ
rer kil and degrade bacreria. One of che most
active agents within the neutrapbil granule
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is elasrase, an enzvme thar breaks down tis-
sue. Unforeunately, in the filallment of their
funcrion, they often cause signihcant tissue
damage. A common example of this is the
subcutaneous abscess,

Newtrophil Dynamics

Changes i the oumber of meureaphils, ei-
ther increased sumber  [nenirophilial or
decreased number neutropena), are the
muost common changes seen in the lewko-
gream. Understanding the dymamics thar de-
terstibree the norber of |'.¢'|.|I::r||p]1i|': thuit cir-
culare will allw the veterimary technician
res access the blod Blm oand relate the
changes ro the pacient. The number of ci-
culiting neutrophils depends on feor sepa-
cate poals of cells: proliferatien poed, mar-
wratienseorage posl, circulatiog peel, and
marginated pool. Each of these pools re-
h|.'".||:'|d!|- o l\.'i:I'i.'LIIi'IliI:'lF factors that can in-
crease or decrense the namber of colls in the
pesal populacion,

The Proliteration pool conrains all pre-
cursors thae are capable of division {stem
cell, myeloblas, promyelocye, myelacyue),
Tl'l.l:' nuatareknn .|.|'|I:I SroTiapEe |'|||I:|] CoMLtaIn
the postdivision neutrophils (metamelecye,
Band nearzophils, matore newtrephill. In
the narotal anamal, nentrophils are retaned
i this poal unzil they are mawre aod storecd
for quick release under the stimuolaton of
produces of inflammazion. The size of the
stocage poal differs bevween species. Dogs
:II'II:I ks I'I:I'I'I."' N ].'Ir|.'.-e‘ SIS F':H:II.; -
nanes bave a small storage poal and do not
have the same capacity o redease large num-
Bers of mature newtrephils when peeded,
The most common changes m the neo-
|:rn|_':hi| 'p-l:-nli AT A0 CEeSEEImeE [0 STIeSs, ox-
citemene, and inflammartion.

In response e inflammarion, there is im-
mediate redease af matore newreophils from
the srOrage ]'.H:-||| it the circalation, In
addition, the demand for neutrophils will
stimulace the proliferacion pool 1o increase

production ot newrraphils fei the maro-
catign and storage pool. I the onflamma-
rary stimmulus is strong enough, immatare
newtraphils (rand neutrophils, metamyelo-
cvies] will be veleased feom the marueacion
poil resuleing tnoa “lefr shift,” defined as
the Al R of ttitre 1|.-e'|.|r:'|||'|':|||.': in the
circulation. $ccasionally, the demand for
neutraphils can be <o steong thar o ove-
whelms the bone marrow, prosdiscing a
“mvicemmpasated " lefe shafe. The types
of newrrephil responses are discussed in
Chapres 4,

[y response [ chiamic spress with in-
|.':I.'il'\-|."\-ll.|.'i:l'|.'l.I]il1‘i1L.!.'., cerrticosterods, there are
tereased cirenlatingg weatrophils. The neo-
rrophilia of the srrsss lenkogram is the ree
sult of increascd release of reutrophils toem
the storage pool and release of meatrophils
from the margimased poel, The steps nec-
essary for a nearrophil o leave circulation
and migrate into che marginared podsl re-
qui:w.' I.':li|'|r|.'1hi1:ll'l ol adbesion molecules on
the cells thar e the capillaries {endathelaal
cells) and the membrane of the neusrophils,
The neverophil rumbles along the sall of the
vesscl until ic nally adberes to che endothe-
Ll el amd then the cell can migrate be-
tween endothelial cells into the tissues when
needed. Stereids decrease the expression of
peCepars of the aueface of the I'||:|;r|1:l|'||'|i|
thar are respansible for adbesion of the neo-
trophil oo the vessel wall, As i resalt, fewer
newicophils will be arigched o the wall of
the vessels dececasing the marginancd possl
anned increasing the circualacing pool.

Angther common cause of nentrophilia
s excibement, I this case. i1|-.'n":|'\.'|_'|:| rike
of bleod flow in response oo secretion of
epinephrine “washes™ neatrophils from the
nuargiisted pool ke the arculasing poal,
In addition to the inerease 0 neasrophils,
|:.-'n1phm':.-'r-:_'k aley increass n responss to
increased release of epinepbeine, In many
cases, the number of lenphoceres will be
greater than the seotrophils, Yoong dogs
and cars have the maost rlﬂil'ﬂil'll."ﬂT CXRCITE-
TN resPRanse,
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Eosinophils

The eosingphil has eosnephilc (red) grin-
ules, Their funcrion is not as well defined
as the newtrophil’s funcrion, They are in-
volved in response o pacasitic infecrions,
fungal disease, some propoeoal discases, al-
l-:rg,lcs., and :imrnl:lnc-cu:lm]'.-|r:»r sz, Ther
granules contain one of the most cawsic
substances found in granulocveic cells, ma-
jor Basic prorein. This progein is thoughr o
b responsible for the reriarkable depgree of
negrosis found in fissues with cosinophilic
inflammacion. In the normal animal, very
few cosingphils are present in the periph-
eral blood.

Basaphils

The basophil has deep puarple (basophelic)
graoules i mus species and light laven-
der granules in the car, Yery little is known
abour the funcrion of basophils, The con-
temts of gl graneles are similar oo those
forund m the mast cell, o tissue mononockear
cell thar is often associared with cerrain

inflammatosy responses and allergic con-
cetvons, I normal animals, basophils are
extremely rare in peripheral blood, Therr
number often increases in response o the
same disease processes as the cosinophil.

Monocyles

The peripheral blood moneeyte’s primary
function s to migrare o the fissees o be-
come 3 macrophage. Once in the tisswes,
these cells participate in tissue repair, reg-
ulation of the immone respionise, e:}'l:hrl:l-
cyre turnover, and rom recyeling o the
splecn. They are very active cells, Monn-
cvres circulare in eelatively low numbers in
the normal animial, Ther mombers iserease
in chronte inflammatory disease angd with
stress in the dog. The monocyre is often
confused with toxic bands and metamye-
locyres. They are lacger and vswally have
discrete vacoobes, Their ouclews 15 more
pleomaorphic (many different shapes) une
ke the band neurrophil and metamyelo-
cvie, which have discincr shapes, Figuee 3.8
tluostrares a manocyie compared tooa bamd
newtraphil and meramyelaoyre,

Figure 38,  al Manocyse, (b) Band resrophil, e Metamyslooges,

Copyrighte
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Proplatelets

‘iF"r\f 1.4, msepakargpoiesis, Plieleis are small cvtoplasmic fragmenis that are released from the ends of long

cviaplasmic eodensicss fonop laecd etsh ram ore body ol the megakary ooy

Mepakaryopoiesis

..l-"ll\.'_!.'.ill\-\.ill':-'l.rp'l:lin.'bib is the |.'l.-|.l|Jl.|q.'Iil:a-|L of
platelets, Plarelets are small Fragments of
megakarvocyie ovioplasm that break off
af the rips of long cyroplasmic exren-
sions cilled proplatelets. The production of
platelers is regulated by the groweh factor,
thrombaopoieting in concert with orher cy-
ekines, some of which are part of the in-
flaminarory process. In addivion, crvihro-
pevletin can potentiate the activiey of throan-
Bopotetin, As a resalt of thes interaction of
erythropoiztin and infammatory cviokines,
inceeascd numbers of circularing platelers
(iliroanlrocytosis) are seen with ancmia ad
L|1r-|.||1|.|1l:.|r|.||r|.

Megakaryooytes are the largess cells in
the bone marrow, They have lacge lobos
Laged nusclei and abundant lighely granular
Basophilic crvtoplasm. Figune 3,9 illustrages
the process of plateler production,

Flatelers are essenrial for normal blood
cloring {ceagalationy, The process of coag-
wlatieay will be discossed in Chaprer 15, The
platelet’s membrane and cvtoplasmic gran-
wles boch parricipare in formarion of blood
clors. There are vwo tvpes of plareler gran-

wles: dense granules and alpha-granoles,
Do granules contain caleiom, an ssen-
r1-'l| CRFITIPNENT F|1r r|1|' actiwanon 1::[‘- |.']I1|"
ving facrors, Alpha-granules contain clot-
ting factores and other components that pro-
mante coagulasion.

Lymphocylopoiesis

The lymaphaseyte (s the secomd ouost com-
moz cell type o the peripheral Blood of the
dogr, cat, horse, and human. In the remi-
mant, hawever, the lvmphacvie is the mast
common peripheral bloed leokocyre, The
primary function of the lymphocyte is to
participate in acquired immunity. There are
two primary tvpes of lemphocyres: the B-
cell, responsible for the production of an-
tiboclies famumunoglabulins|; and the T-cell,
responsible for regulacion of the immuone
response and a proosss called cell-mediaced
immuniry. The tvpe of lymphocvie cannot
b determined by s morphology. Special
stains are needed to differentage the Ty nf
Iymphocyte, The marphology of the [ym-
phocyte can change when foreign anrigens
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srimulare the cells, Once the cells ase srim-
ulated, they bacome larger and develop
decply basophilic cvtoplasm, Their nucle
ien develop a prominent necleols.
Lymphocvies, initally produced in the
v Emarrorw, migeate toseveral other bym-
|1':| gl Orgns ithe 1]'.-|L'L':||. |:r'|:||]'.-|'| niepcles, r]11..'-
mus, and specihe areas in the longs and
intestine) where they arganize 1o toem the
Iyinphoid system. The lymphocytes present
i the pedpheral bloed cirenlae oo and
ot 0f these lvinphodd srgans as they survey
the body for forcign antigens or infectious
Agee, |.._t'|'|Ip||l.ri|.| cells that leave the e
ripheral blood are returoed to crcalition
through the lmphatic vessels that arise n
the tissues and eventually are dumped into
the vema cava through the tharacic duce in
the thocacie ceviey. Figure 30100 illust rees
the orgnns invedved o the lemphoid system,
The thymus is the seurce of T-gells, The
enviremment ot the thymuos allows the body
Lk i|.||.'|||ifg.' I.:-'Il'IE'IEI-i:IL':rlt'h- that kave the -
tertial oo react fo the individoal's own
tissue and remave them from the body

Suhmordibdar
krrip nodes

By
|;|1"'|:||'||||:H:|ﬁ
shkimisar
|I1,1I.l|1!| Isrngh redin
pesph nedas 3
Papliceal {\H
wh"m‘;ﬁ .-"" % Btz Far v
\ 4
.' .-" Woh
— 'H.x i, —,
f ___.-" e )
Flﬁurr 340, An ilgdreasan of lemph soded and
Iymph flaw thrapgh the cardnie Baody,

shile keeping lymphocyres thar will nat fe-
act por self, Thes allowws the body oo lden-
itfy nonself awtigens from foreiggn bagre-
vig and pathsgens while not amacking the
bewdy’s own pissoe. The thyvmuos and the
bomne marrow are the vwo lvmphoid osgans
thit can ]'.ir\':H]I:Il.'I' |:r'|:||]'.-|1.|||.'}'h':-; witheat -
mune stimulation. Owver time, the thymus
decrzases insiee and fancrion by a precess
called involurwen, The retwaining lrnphodd
organs prerhisee lymphooytes when stimu-
[ated by a foreign antigen,

The splecn is a large vascular organ with
Ly |'lri|'|'."|r}' funcrions. In is the |;lr,!.'.q.'~ul Lpi-
|.|:|1|.a:r:r' I.:-':ITIFII.'IIJilZI Lrean |'|1|.-IJ HEW R | |1|1:1|1I.|
Alier, The mssue of the spleen has rwio
distingt regions, the red and white pulp,
The pame tor these sefgiens comes boom
the Eicr thae o oot susface, small roond
whire spors corresponding oo the lvmphoad
tissge (white pulpd are scatrered throogh-
our the highly vascular red pulp. The fil-
l|:.ri.|!|,!.'. funcricn of the E-FIIL'L'I'I allows it 1o
retnove abnormal envthrocyres, As blood
flows through the sinusoids of the splesn
thuroigh che ved pulp, ald, arypically shaped,
pacasitized, immune-injueed, and oucicarcd
ervthrocyres are cemoved. In addidon, the
spleen’s lvmphoid tissue, the white pulp,
continually susvevs the blood as it passes
[|:|rl.|l.|l;:|"| irs vessels amd sinoseids o |'|:||._-i|_r,|'|
AnLigens.

The lvoeph odes are small, bean-shape
orjans that filver lymph and transpore -
phgcyes and other cells from rhe rissucs
back wo the blood. Lympl s fluid from
rl'll."' frLeses TI:IIIT L& I.'TII.II."'!_'rI'III I Hr‘-!'l.'l.u'llln':!'lil
thin-vealled vessels, the |1_.'mp|1.l|:i4.:l.; fliered
through the lvmiph nodes; and Aoally re-
turned oo the Blosd through the thoracic
cuct. which empoes o the vena o
wathin the thozax, Multiple lemphartic ves-
sels enter 3 lymph node throweh s cap-
sule and exit theough a single vessel, The
[ymiph pereolates throogh the cortex o the
|'|'.|'I:||.| ".ﬂ I:II:II I'I!.' I}'I1I|'II'I |1I:|':|I." CROOSNLE T I'I':' res-
ident lymiphecytes oo all components in the
fluid.
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Abnormalities in the Red and
White Blood Cell Populations

It is muoch easier go onderstaid q.'||.i'|1|p:ﬁ that
cccur in respeanse to disense when one has
a strong understanding of normal blood
and Bload cells, This chaprer veviews caom-
maoz changes in the hemogram asocited
with discase, Changes in ervrhrocwe and
leukocyre morphoelogy and cheir underly-
ing canses ave discussed, and the pathogen-
eals [Sleps imvelved i gl |.:||."n.'|-::-|1|'||q.'|'|l of
a diseasel ofF anemia, polvoyrhemia, leukn-
cviosis, leukopenia, thrombooyrosis, and
chrombocyropenia are described along with
the diseases that are associated with these
almgrotal hemogran: hndiags.

Abnormalities in Erythrocyte
Maorphology

Changes i the morphalogy of erythrocytes
miclude chamges in shape and mclusions in
ar on the ermhrocyte, Epch of these mor-
pholegical abnormalivies provides informa-
tion abour disease Processes thit My Lz
present. Severzl empthrocyte abnormaliiies

E:-:rl.l'riﬂ-u i ||'.:q.i|.'.|1l Lk the I.I:I'ill\.'rl:l-'ill,,!.',, [=JIETE
for anemia or peompt the close evaluaoon
of the funcrions of certain ergans, such as
the livier, splecn, and kidney. Recognition of
these morphalogical changes s an essental
skill for veterinary techunicians who review

blood Alms,

Poikilocy fes

Ervthrocyte morpholegy has its own lan-
guiage, a5 do many areas of medicine,
PFapikealioeytosis samply indicates that the red
blood cells seen on review of a hlood film
have abnormal shapes. There are several
specific shape changes thar wareanr iden-
tihcation oo asise the clincian woanter-
preving changes in the bemogram, Poikilo-
cvies are abnormally shaped ervihrocyres,
The most common types of paikilocynes ane
eehinoeytes (eremated erythrocytes), acan-
thascytes, schistocytes, spherocytes, kerato-
CYIeES, |':1|rr I.\,'-q,'”'\-. T YT S, I1I'|l_‘| [ar-
get cells, Less cormmen peikilocyres inelude
stomatocytes and ovalocyes, Figue 4.1

45
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Tabde 4.1.

Type af Cell aled

Coni i poi ik yioss and associabed diseinss.

Shape of Cell

[rinease

Echinocybes: (crenated

mMumercass unlformly distributed

Arcact of drying, snake bile,

callp tonl-skapnd iy dubyddration, mmbisited orgtheacyte
defects
Acanthocyles Iregularly spaced thin spikes wish Praminent rambers: lver dbasase,
knablike tips; no centeal pallar reftal diseae, hemangiosarcama
Small numbsers; iman delichkency,
microarg) opatiy
ECCerinne v Deerree eccentiic displacement of Cixidative injury secandary to
hamoglobin with a chear adgn anice kKixicily, drugs
Schislneyies Small iregular frapmenis of Ehe Microanpiapalhy, iran deficiency
enfhrocyie hemangikasarcama, valwular
slenakie
Sprherrerylns Emall dinwi culls with fe Cenlial Large numbarc hemalylic arsmaa
pallor Small numbsers: microarg)opatiy;
iran defickency
Kisatacyios Suifacs blisters that ruplues 1o Iran dalickency, smicmangiapathy,
form small homlike extensione, liver diseare
Burr cells Elangate cells with spakes similar Feline liver disease, enal dise
(o bo-et hinccyie 1 o cranabed cell

illusteancs cach af the most common Types
af poikilocyres. Crenated oells, moger cells,
and stomarocytes can be seen as arafaces of
dryimg as well as i associacion wirh 2 dis-
case process, Table 4.1 lists the common
poikilocyies and disease associated with
ech shape.

Echinurcytes are ervihrocytes with spiky
procrusions from their surface, They are the
mast common peikilecyres seen on blood
filoes. There are several types of echinocyres:
crenated cells and nl;mthlr:ﬂq: are the most
commenly seen, Crenated ervihrocoytes can
be ween on blood flme as an amiface when
the blood Glm deies slowly. Crenation can
alsar e seen i dehydrated animals and
secondary to snake bite, Crenated cells
have regularly placed tenrshaped projec-
cions from their sucface, They alse rerain a
central area of light seaining, ceneral pallor,
i:]\arm:rf.risru: 1:||:'1'|'.|-¢ nm‘mn] dlm,:-id 5|'|.'| P nf
the red blood cell, A useful test 1o determine
whether the crenation is an artiface o crue

shape change 15 to view o wet-mount prepa-
ration of the blond, One deop of Blood and
rwep drops of saline can be mixed on a glass
slide, coverslipped. and viewed on the mi-
Croscope, True crevation will stall be prresent
when viewed on the wer-mount prepars-
rion.

Unlike cremared cells, acanthocyres are
ned dssociated with acifact bur are con-
sidered troe mn:erlmnluﬂl.-;.'ll :hanﬂ_;ﬁ when
seen on the blood Alm, They differ from
crenated cells in several ways, The projec-
bions present oo acanthocytes ane rregu-
lLarly placed, they have vanablesized kools
om the ops of the spiky projecrions, and
they gencrally do not retain an arca of
central pallor. Acantheeyies are asaciated
with several disease processes, Henal dis-
ease, liver disease, iron deficiency, microan-
giepathy {formation of small fbkrin clos in
capillarvies). and vasculas neeplasia (heman-
giosarconia b are the nwoss common causes of
acanthocytesis in veteninary patients, The
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cxact mechanism of acanthocyte formarion
i weleringry patients s oot fully under-
stood, Ir s thoughs to be due to changes in
membrane lipids thar make the cells more
rigid and prone to deformarion as they cir-
culare through capillarses. Wen acantho-
cvbes are seenoon the llood :F|.|:|n, it should
prompe the clinician ro furcher evaluate the
lives, spleen, and kidneys for possible dys-
function.

Sphcrocytes are soaall erythrocytes wath
nee ceniral  pallor,  Spherocytes are a
hallmark of immunemediated bemolyric
anemia, but they can alse be seen in small
nwmbers i assaciation with other Eypes
of erythrocye damage. Spherocytes are
formed when a macrophapge removes an ab-
neremial porcion of the ervthrocyre mem-
biraise, causieg the erythooeyte oo form a
sphere instead of the normal biconeave disg
(partial phagooytosis} (Figure 4.2

The biconcave disc shape of the normal
erytheocyte cannat be maintained if a por-
teon of the membrane s lost. Spherocytes
are easier (o see in canine blood than in fe-
ling blaod because of the normal shape of
the erythrocyte in these pwo specics. The
dog las 2 more pronounced centeal pallor
u-:rrnp.;r{'d tir the smaller .,*:r].'rhru;,:}'r{' with
much lese central pallos in the car Accu-
cate identification of spherocytes requins
the evaluarion of eevthrocytes in the count-
tng aren only, Ervthoocyies st the feathered
edge do not have an area of cencral pal-
bor, There will vsually be noemal ervihro-
cvies to compare o the spherocvie i the
connting ares. The spherocyte wall appear
small and dense, In addition 0 immuene-
mediated mechanisms, spheracvies can be
seen with ervthrocvie fragmentation [dis-
cussed below ), In most cases, o high numbser
of spherocyies in an anemic parient wich no
ather erythrocyte morphelogical changes is
indicative of immune-medizred hemolysis,

Spherocytes can also be seen with hy-
p;=r5|1|rnisrn, i :ph-mii: disease m which
the spleen removes excessive numbers of
erythrocyres due to abnormal macrophage

el

Figure 4.F, Fommation of a sphemcyle. fal The
macrophage recognizes a defect In ihe membrane of a
red corll wned b Bve peocaess of partial phages viosis.
b} The macraophapes “pinches ofi” the shnormal por
e of the ed ool mombrase. §e) The remaining red
ol el
shipe. and the red cell becomees 3 sphere that = smaller
than the coiginal red cell and has ro contal pallar.

cannal mainbiin S reiimal e oecave

function, Spherocyies associored wirh ad-
ditional ervthrocyre changes (schistocyres,
acanthooyies, keratocvies) indicare nonim-
riune mechanisms of sphecocyte formazion.
The nonmmmune canses of sphrn:h:_l.'tr fopr-
marion include toxins such as zine and
capper a5 well as bhypophosphatemia (see
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Hﬁuhl' 4.3, Forradiom ol s schiskbooyie, The oed dedl sncoeeers a Dlwin sismd, amda small grran al the cell
membmane is cul irom the ool forming a sphemeyte and a small fmgment Ischistooyiet

Chaprer Bl The mechanisms underlying
spheracyte formation in these condirions
i nor well onderstood, bur it may relare
ter aeciadative inmjury to the membrone wath
formation of hemoglohin crystals in the
crvthrocyre membrane (Heing bodics) and
partial phagocytosis of the coeythoooyte by
maacriphages.

Schistocyies are small fragments of ery-
throcvtes chat are irregular in size and
shape. This erythrocyre change is a hall-
miark of ervthrocyte fragmensiion. The
L'r}'l‘hﬂ:-l.‘:rh!'h are FJ':LH,mL-Jm:d s r|:|-|.'}' circu-
lare through abnormal capillaries or tor-
tuious vascular channels presenc in some
foermis of peoplasia, Oune of the moss com-
mon camses of schssocyie formation s
micreangiopathy, Microanmopathy 5 2
conseguence of many diseases, Microan-
giopatly is sssentially the formartion of fib-
ciat stranbds or simall flemn clots within cap-
illaries and is associated with disseminared
intravascular coagularion, The syndrome
of disseminated intravascolar coagulation
and as e is fully discussed in Chapter
1.3, Schistocyres are often seen concurrently
with small numbers of spherocvies, acan-
thooyres, and keratocytes. Figure 4.3 illus-
crates the fragmentarion of an ervthrocyre
as ik pases throagh a capillary that contains
fibrin strands with formarion of 3 schis
cocvre and a spherocyre, Turbuolent blood

flow associaoed with abnormal bloed ves-
sels, abnormal hearr valves fvalvalar seno-
si], wascular neoplasia, and obsrrscrions
h‘]l:ll:HI. F.II:IW ‘ITI."«'L'I.'E! t'll.'.tl.'r'ﬂ'l:ﬂ'rll. EILTI.".HNI!] i
also cause formarion of schistocytes, Infrin-
sic changes o the crvibreocyre membrane
thar increase ool tragilicy will alse vesule
i Fragimentation (egg., iron dehciesey and
cdevenrubicin pexicicy),

Eccentrocytes are erythrocytes with fu-
sign of @ porrien of the cell membrane chat
causes the hemoglobm o be pushed o the
stabe, Chcaclatove i:||_il|.|'r:|-' tor gl ur:r'rhn:-:.':.rhu is
the cavse of the fusion, This morphologi-
cal change is seen most cemmanly in the
clesg. The msse cotman caus: of socentro-
cyte foarmaton i the dog s onien toxic-
ity, Zinc toxicisy can also result in eocen-
crocyte formarion in che dog Heing bodies,
anather crvthrocvie abnormalicy associared
with oxudative :il:l:iuz':.r, are ||suu.|]}' prresent
along with eccentrocyre, Borh sccenrrocyres
and ervihrocvres with Heing bodies will
have a shorter half-life and an increased
chance of being removed from crculamon
by the macrophages of the spleen,

Keratocyies and burr cells are ervihro-
cvre mosphalogical changes associaned with
many different erytheocyte abnocmalities:
Keratooytes are ervthrocytes that have small
“blisters™ on their surface thar ruprore,
Keratooytes can be seen with increased
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feagilicy, microangioparhy, and oxidative
tjury. Burr cells dovalbo-echinocyies] are
oval-shaped cells with nomeroons  small
spikes similar oo those seen on crenared
cells, and chey are seen in discases associated
with cluanges i the ervihrocyre membrane
lipicl. Feline hepatic lpaidosis is commanly
associated with increased numbers of burr
cells.

Target cells foodocyies) are erythrocyis
with a1 central aren of hemoglobin swathin the
arca of central paller forming & sarget ap-
pearance, Targer cells are usually an armiface
of devimg, They can Be seen with regeners-
feve a I:Itl.'lﬂi.l., II"H." lIJI!'ETIEI."., L'IIdLI-L'I.'i:II.ﬂ rJ:imnm:'
{hypothyroadesm|, and iron dehcrency, The
rarger appearance is thought to be doe
the fact thar the cells have excessive mem-
brame for their volume and are “Aoppy.”

Erythrocyte Inclusions

In addition to poikilocyrosis, eryhrocynes
can contain a variery of abnormal scructores
finclusions ) thar are associated with cedain
discase processes, Heine bodies, Howell-

_||:||.|3.' |,'.u,:||,'||.-|;'=..I amad b.q:uphilh: xrippling are

the mast commaon inclusions. Figure 4.4 il-
lustrates the common noninfoctious inclo-
slons Foumd i erythrocytes. Erythropars-
sings [parasitic diseases of the erythrocyre)

. v
. CH

are also associated with erytheocyre inclu-
sigmts Anad are discussed Liter in this chapter,

Heinz bodies are formed by oxidative
injury to the hemoglobin in the ervihro-
cvte and are most common in the car The
hemoglobin denarires and adhers o the
cell membrane, foroeing o spherical hght or
clear staining inclusion that may extend our
from the cell membrane. Feline hemoglobin
v pvore susceptible to oxidation because of
its structuns. Hemoglobin maolecules froon
different species have variable numbers of
sulfheedevl groups {composed of sulfur and
hyvdrogen]. Thee groups ane vory suscep-
trlile tor cxecdation dod the more s1.|.|ﬂ1}'|:|r:|r|
groups a4 molecule of hemoglobin has, the
more likely Heing bodies will form when
the paticnt undergoes oxidative soress, Fe-
line hemoglobin has gwice the soumber of
sul fhedryl groups per moelecule chan cog
hemoglobin,

Heinz body formation is associated with
anetia because the spleen will remove ery-
throcytes with Heine boadees, The most com-
mon causes for Heine bady formation in
the car are toxie [aceraminophen, propy-
lene glveal, propofol) and merabolic (dia-
betes mellivas, renal dissse, lvimphons, hy-
prrtln_.-ruiuli;m:l. The less common cases nf
Heinz body anemia include mechviene blue,
vitamin K3, benzocaine producrs, phenols,
d-L methionine, phenazopyridineg, naphoha-
lene, smime, and copper.

) '™

%,

Flgure 44, Costman inclusicer in ervthiccylis, (@ Heinz badies. i) Havaell]olly o fol Basophilic stiapling.
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A pood drug history s essenmal in de-
termmiining the arderlying cavse of 4 Hednz
boxfy anenin, Heing bodies can be large or
small and difficulr to idencify, Large Heing
bardics are more casily identibied because
they project oue from the surface of the ery-
t]'l r|:||::.'h=. !';I:II.-!III.'T HE'III.:': |'||1I:II.-!"\-| LA ImEare ill{'
Ficul to fomd hecavse they are seen as small
lightly staiming areas within the crvihro-
cvte, The smaller Herne bisdies arve present
wr small pumbess o mocmal feline blood
arcl may Inereise in number in ces with
mietabelic disease, The smaller Fieing body
iy it be asaciared wirth anemia, and <ig-
|:|:||."i|.':|.r||: |'.|:||||.|'|-!'I."I 'i:ll: I.I.l.'!.'._l.' Hl\.'i:ll.n': I"III:I:II.'H HTEE
usully associated wath areon,

Howell-Jolly haedies are small remnants
af the crvrhrocyre nockus thar eocasion-
ally reman: after the nuclens undergoes di-
vision, These small fragments may nat be
carrudbed with the nucleos as the ervihn-
cvie matares, In the normal stase, ervihro-
cvles with H1.l'|'.'|:]|-_'|l:r||.:.' Badies will e re-
maivesd by the splieen, Splenectomy and any
condition that inhikirs normal splenic fune-
rion fincrsased circulating cormicosreroids,
sepricemiafndoroxemia, hvpoxial will re-
sult by increased nuembers of coeculanng ery-
throcytes with Howell-Jolly bodies. When
crvthrocyie prodection is accelerared, maore
etvthrocyres will have Howell-lolly bod-
s when relsased ote circulation, Cars
normilly send o hawve a3 few ervthro-
cwvies with Howell-Jolly hodies because their
spleen is now as efficient ar removing ab-
normal eryvthrocytes, The onigue filiersing
I.'.-i|'|:||1||:|r:|-' ':FF rl'll."' :rl.']||1!' 1F'I-!'I'I:I iII'\-i|1 oan-
r'r||1||h_"\.' bk 'r|'u_' 'f.n,:t |;|:|.'|'r Lats 4:|r-h_'n |"..11.'|_=
migge circulating Heine bodies than the
sz

Basoplul: stippling of erythrocybes s
characterized by Gne basophilic reticulum
that 15 sien on 1|."I."r'i|r.|1r-¢ wemes stains, |he
periculum s aggregancd BMA (just as in
reticulocvres) and 15 occasionally seen in
l.'-!'l.'.'l\.'|1l'r|'|'.i"¢'-€' AT, “‘II'.E'I'I I1:|'“:lr||'||||.l\_' SLap-
pling is seen in a regenerative ansmia, it
wsually found in voung polvchromatophilic

ersThrocyres, Basoghilic srppling can also
b ween with lesd possoning.

Siderncyies are ervthrocvies with iron-
centaining basaphilic inclusions, They arne
relavively wncomimon bur can be seen in pa-
vients with erythrocyre descroction and in-

creed rr}'r|1r|1|.'3.'r|' Turniwer rage,

Anemia

.-"|.I'||.'|:1'|i£|1 a decreased nomber of red blood
cells a5 measured |:-:.I the PUVIHE, = ane of
the st common aknormalicies seen in the
RO af anill patient, Clinical signs suagmes-
rive of anemia include pale mucous mem-
Brames, increased respiratory rate, amd, in
some cases, icterus (vellow coloration of
rissiesl. The inicial step in evaluaring an
anemic patient is to derermine whether the
p:llfq.'l'l['b bone marcow cin increase prro-
duction of ervthrocytes in response to the
decrease e MO, The presence of a bone
MELIT O CCEpONss sCparates a ML T A0
broad citegories, segenerative and monre-
generativi. & regenerative anemia is defmed
as an anemia with evidence thar the bone
marrow can eespond by increased prodog-
rioi aof q.'r_g-'[|:|:rl.lL S Fr:-'[hrﬂ[hriu[:iﬁ, th b -
maisie released By the kidoeys in respons: to
the decreasse in oxygen-cirrving capaciy of
the Blomd, is the stimulus for the hone mar-
pow T increase production of ervthrocyres,
A repenerative anentia tndwanes than the pa-
tient has o normal Functioning booe marcow
and normal production of ervthropoictin by
the kidney interstitiom. A nonregeneeative
anemiz is defined as an anemia with ae ev-
tlerice that the bone marcow can respond.
The lack of response by the bone mareow
can be due o a discase char directly affecis
rhe oo marrow o decrsased pooduction
of ervthropoietin by the Ridney, uswally doe
tix cheamie reaal Filuee, Table 4,2 lists the
M common causes of TeEenerative arl
Meirsgeneralye ane mias.
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Tabbe 4.2, Causes of rgunenlive ard nonregeneialise ansamia.

Regenenlive Anemia

Moneegenerative Anemia

ﬁln-ud kass {irauma, coagulation defecis|

Bope marow neaplasia leukemia, nonmanmw imetastatich

Ieviniinir-sweliafend berrlylic drsmia Bana. marsaw lileasis
Chaclave hemolylic anemia Irfex lipas disease (Fel, chranic ehdchicess)
Erythioparasites Takiciny

Cheonic rerul divwease lock of wpﬂ'm.'pnh'lnl

Regenerative Anemia

The classificanion of an anemia as regenera-
tive is based on identifving several changes
found in the hemogram and on the blood
filine that are indicative of release of voung
erythrocytes (polychromarophilic red hlood
cellsl. Young erythrocyres produeced more-
sponse T ancmia are larger than normal
becanse they are produced  more rapidly
and rebeased sooner than normal. When
significant numbers of these large poly-
chromatophilic cells are present in crcy-
larion, the mean cell volume (MOCY) will

-

O

w

&

) Opd®
250

r =
d "
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{'-1}
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Figure du5, ] Hypochmomasia, {h Macmooyansis,

ingrease and if chere are a sufficient nume-
ber of them, the MOV will be above
the reference range indicating macrocyo-
sis (large ervihrocyvies). The lacger poly-
|:l1.'r|:u11:|fr|p|1:ili|: I;Ell.: hinve @ ]l:'mrqr Coioen-
tration of hemoglobin compansd oo normal
erythrocytes because they usually conrain
the same amount of hemoglobin in a
larger wolwme. As a result, the msin cell
hemoglobin concentration iIMCHC) will be
decreased indicating hypochromasia (cells
with decreased staining of their cvroplasm).
Flgun: 4.5 shows a ph:‘lt:ul‘lﬁ:n:gmph illus-
trating hypochromasia and macrocytosis,
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A high MOV and low MCHC are ex-
cellent indicators of regeneration, buat they
cannet be used as the sole indication of re-
generation, There are few instances where
the MOV may be misleading when evaluar-
g an anemie patent. Small pogularions of
|1-u-|:||:]|=: and Akicas have MOV '|.'.'||uus that
are out of the reference range for most dogs,
Individual poodles may have a genetic oraic
ipeodle macrocytosia ) that resulis in a nor-
al MOV higher than other dogs (100§
compared o 60=77 f for most dogsh. A
subpopulation of Akitas, and perhaps other
Japanese Breeds, las ervthrooyies that are
!iiE_lI:iFlL‘ll‘ltl:r sitialler than other r].-l:-gs {45 1l
compared o G0=77 1 for mase dogs), In the
first case, 3 poodle with a nonregenerative
ancimia may be thooght 1o kave a regenera-
tive ameinia becawse its MOV is high, even
though it is normal for thar individual dog,
In the second case, an Akita with a regen-
erative anemia may be considered to have
4 MolreEeneralive anemis becaase irs MOCY
s within the referesce range for other dogs,
even though it is increased for thar individ-
wal, In che car, FelV infection can cause a
namreEenesalive macrscynic ancmia with a
rentarkably high MOY in the face of wevere
bome marrow dysfunction,

As oa result of these exceptions and
bocawse the degree of macrecyrosis and
hvpocheomasia is an insensitve indicarors of
regenerationy, review of the blood flm and
A reticulocyte counr are necessary o con:
firm a regenerative response. The presence
of polychromataphic cells on the Blood film
13 rcq]l.imd i ocger to conbrm I\vl,-.|.|;.:m',.=|'.'|l'i1rrlr
and an mereased reticuloeyte count is neces-
sary 1o determing whether the regenerarive
response is sulficient for the degree of ane-
LT

Polychromarophilic erythracytes are uso-
ally larger than normal erychrocyres, and
they have a larger central paller and a bluc
Boue when stained with Wrigla-Gienrsa stain
and a 1'|1|.|r|-|:|:.r bBlue hue when stamed watch
Diff-Quik Wright-Giemsa ™, A standard
method of reporting the amount of poly

Talshe 4.3, Semiganiaion nielhcd ko

prdychromasis,
Humber of

Dhagrea il Poshyx hreimunka prhilic
Frodychromaesa el 10N
fizsee -1
I+ 1-2 gdogl, 0=1 (cal)
24 2-1 fogl, 1-2 icall
A I ddogl, 2-4 icail
A4 & flogl, =4 (el

chromasia should be used when evaluating
the blood Alm for evidence of a regener
ative ancmia. Table 4.3 chows 3 commaon
macthad for reporting degree of palvchro-
masin based on number of pelychromaric
cells seen per 1OD0= field. Reporting poly-
chromasia is a subjective method and is
R 0% AcCiwrale a4 counting the number of
reticulooytes! T colls using a reticulocyte
stain. Keticulocyte stains are stains that pre-
cipirate residual BRNA in the eeythrooymes
and stain the precigitae dark Bloe Young
erythrocytes have maore residoal BRMA than
rmatuare i:rg.'l;hrqh;g.'l;ﬁ and wall staim wich 2
distinct blue “reticulum™—hence the name
reticulocyte. There are owo tvpes of feticu-
locytes, aggrepate and punctate. Dogs kave
apmregate reciculocytes only, Cags have boath
punctate and aggregate forms, Figure 4.6
illusteares reticuloeyte stain  preparanions
from a dog and a cae.

|lﬂi|,:1|.||:|i;g.-l;|: coumts are nat difficule to
perform; however, they do reguire parience,
Unlike other blood film stains, reticulocvee
srains are added o the bleod before the
Blocsd filin preparation s made, When us-
ing new methylens Blue, 5 drops of whale
blood and 5 drops of a 0,35 solution of
new methylene blue are mixed in a small
tube aned allowed to st for 5 ee 10 minwees,
afrer which a blood Alm s '|'.|rr]'.h.a:r¢|.‘|. A refic-
wlocvre coune is done by counting the num-
ber of reticulocvies found while examining
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Figure 4.6,  Hetculooyie staire. da) Dog. fbl Cail. Mot
thar agprepate {oh ard the panciate (S0 meliculocyles in
the cal,

100 erythrocytes. This s time consurming
and 15 uswally done af a reference Labora-
oy, In addition, newer large hemarology
instruments used by eeference laboratorics
can accurately count receulocyres as part of
the autamated OB

A close estimare of the reticulocyre count,
which is Fairly accurare, can be done in the
clinic. In the area of the blood film where
the erythrocytes are touching or just over-
lapping, the number of erythrocyres in a
standard 1000x field is approximarely 200
cells for the dog and slightly more for the
cat. Cownting the number of reticwlocyees
in Ave of these Relds wall '|'|n|w:i|;||.=; j.p:l-ud =5
timare of the number of reticulocyres/ 1000
crytheooytes. This number is then divided

by 10 to obrain the percentage of reticulo-
cvbes i the ervthrocvie population. As with
all methods wsed o estimare a valoe from
the blood film, a quick lew-power scan of
the bleod flm is necessary o ensure chat
there i4 an even discribution of reticulocyres
i the area to be 1.'|_1|.||11'c_:|:|. This method can
be validated in the clinic by comparing the
estimated count o thar obrained ar a refer-
ence laboratery on the sane blowod sample,

The numlber of reticolecytes can be re-
ported as a8 percentage or an abselure num-
ber, just as is done with leukocvee numbers,
Mulviplying the red blood cell counr by the
porcentage wf ml:l.-;.'u|m.':|-'h|.'5; will pnwulu an
absolute nunsher of reticelocytes, Faare 4.7
illustraces che caloulavion of an ssimared
ceticulbeeyte count and an absolure rerico-
locyte count. The degree of repgeneratioon,
measured by percent reticulocytes should be
grearer as the degree of anemia increases if
the bone marrow is working o its high-
el capacity. The percent peticuloe e count
shiowld be corrected for the degree of anemia
by usingg a facror char takes inco account thee
paticncs PCY and the normal PCY of the
prificnt’s spocics.

Example: An anemic cat has a PCY of
158% and o 3.0% n,:ru;ulu.;rr{' cont, Thi
percent reticulecyte count is corrected by
multiplying the 3.0% by the patient’s PCY
divided by 35 (for the cani:

3,0% = 18/35 (35 for a car. or 45
for a dogh = 1.5%

The absolute number of reticulocyres docs
nog need o be correcred becavse it is based
o the degnae of anemia (the red Bloed cell
cenmiat]. Thens are accepted ranges for abso-
lute reticulocyte counts and percent reticus
locytes that indicare the degree of response,
Table 4.4 lists reticulocyre percentages and
alvsolwte nombers thae correspond oo the de-
Eres wf rcﬁnnrrntil:m.

In addirion to polychromasia, increased
numbers of metarubricytes {nucleared sed
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Coloulalireg & % reticulooyia count

1. Counl the rambar of reliculiesytas in 5 oil immeansion Gakds in e body

of reliculocyle-slaired bload fim.
2. Diwide by 10

Exampla:

Al refculncytes counted in & ail mmersion fialds,

A= 2.0%

Figure 4.F, Cstlimalicn of the reticulooyle percent,

Bload cells (nBBCY) may be releascd by the
maarrow ingo the pesiphecal Bload, The re-
bease of metarubrceres v a regenerative
anemia will always be accompanied by 2
significant polychromarophilia and an in-
creased vericuloeyne count. This is rermed
an appropriate metarubrioytosis, Anoan-
appropriate metarnbricytosis s defined as
an ingreased number of metambricyres in
the circulation withour ather evidence of
regeneration. Ao anappropriate muetarobrei-
n:g.'rl:usis 15 seen with bhone marcow i:|'|.j||:|':|-'r
splenecromy, lead poisoning, and neoplas-
tic processes such as leukemia of the ery:

Tahble 4.4.

Ruliculpeyte Percentape (Carmeched)

Abaciut Boliculpcyts

thiocyte procursers, The most common
causes for an mappropriate metarobricy-
tasis are splenic disease, exeramedullacy
hematapuoiesis, and splenectomy. Oither dis-
cdse processes associated with inappro-
priate metarubricvoosis are hvpoxia, bone
AEITrOW fecrists, sepssfemadntoxemn, and
nesplasia (splene hemangiosarcoma), Any
discase thar inhibits splenic funcrion can re
sult im an inappropriate metarubricytosis,
The macrophages of the splean are respon-
sihle For n:rnl:nrinﬁ, abngrmal gr:,lthruc:,ltﬁ
in the peripheral blood, and metarubricyres
should not be in the peripheral circularion,

Belicul ooyie peroenfages and afbisalute numdiers and conesponding degres of segenention.

Dsgrens o Regeenaralican

= 1% (dag], =0.4% jcat)
1—4% fcdagl, 0.5-2% [cad)
=1 ddogl: 3—4% heakl
=20 ol =A% icalh

= (00,00 o, = 0LEEND (el

B0 ] 500N (ehag), S00-7 0,000 jeaf)
000G ddag)e 701 DO cat)
000N dog, =1 CH0LAEHMD (calh

Mo regeneraiion

Mk regeneratian
Mockerate regeneralion
Marked regenemalion
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Corticostersid administeation will inhibic
the function of splenwe macrophages as well,

Regardless of the canse of the incress in
metarvbricytes in the peripheral blowsd, if
they are present they will be counged by all
in-howse hemarelogy inscraments and i the
atanal WEC count as leukocytes, As a re-
sult, the leukacyte counr must be cornectad
firr the number ot metarabricyes scen while
deving, the differential. The calculation fer
coorecting the leokoecyte count a6 (1Y
(1) 4+ number of nRBECs counted on dif-
ferenrial by = WRC coune.

Ek.iﬂl[.'lll.'.‘ LB s e |.|l.|:r|.|'|!.',!||.q.' Loo
cell differental conunt and the WEC count 15
11Ol

CT 100 -+ D00 1 00 ] = 10, 0l

I the lenkecyre count is hish enoagh ro re-
quire a 200 cell ditferencial then the calou-
lariom would ke (20002000 = the numiber
of nlBCs counred duving the differentiall)
= WEC count.

Anemia due to Blood [oss

Chree an anema s -\_'I'I:I‘H r:|1|'|:| a5 FepETetras-
tive, the cavse of the regeneeative anemia
st b detesrmined. There ave 1o general
caunses for 3 regeneraive anemia, Blood boss
or blood destrocteon. Anema doe to exter-
nal binod loss is associated with low roral
prrotcin becanse procein and bleod cells aze
bty losr with hleeding. The development of
LI I:'|:|J|1:-wu:||.1 il 11I.EI'.IHL'|'I'IIT I:III.'I."\-I] I:.ﬂ:kl."ﬂ
approximately 4 howors, The BCV and toral
procein are eventually dilueed by che influx
of fluid ince the vascelar svstem in an ar-
tempt to replace the bleod lost. As a resale
of this, measoring a POV and soral protein
carlicr chan 4 hours after a potencial bleed-
ing will nor reveal an ancmia,

[mrermal blood Loss v body cavinies such
HES I:I'I.l:' TI'IIIF:'I:'-' .|.|:|':I .-il'!":li:lﬁll."ﬁ I'I."ﬂl.l]r‘-i IE1 o I‘II"
crease in POV but por total protein, The
prrotein is reabsorbed foom the bady cav-

ity while abour half of the ervtheocyies are
recoverad by the lemphatic svstem; the re-
mainder of the ervthrocwes eicher lese or
are engulfed by macrophages, The regener-
ative responnse to blood loss s oseally masd-
erate. [n most cases, there s no signibicant
F':'I:I I.'I.']I IEII:ITFJ'H:III:FHCI-' ill:ll:ll'lf"l.ll.il::u' RSN [ iil r!'III
wiith acute blond lose arher chan incressad
numbers of Howeell-Jolly Bodics and poly-
chromiasia.

Chronde external blood loss can be seen
with gastrointestinal vleers, vleerared gas-
troimtestinal nesplasms, chronic emaruria,
and internal and external parasitism. Oyver
Fuimiez, I.'I:Iﬂ:lllil\.' I"Ii:ll:ll.l I.Il!ﬁ HI1:F|'!-| Fﬂ:llll | :I'I'l.'.'l!'"'
prative AREn T0 0 T regee AT e nemia
because of loss of the iren in hemaplabin, In
the nesmal toenaver of covthsocvies, inen is
recycled, IF chronge Blood loss has resolied
1 sufficient boss of 1ron aod overwhelmed
the body's ability to absock dietary iron in
sufficient guanrities, iron deficiency anemia
will| wecur. Tran dl:lir:.'iul!l;.':-' ANEi H ass0-
cuated with ooorocvtosns [decreased MUV
and hypochromasia  {decreased MOHC),
The erytheecoyres will appear pale with
a large arca of conmteal palles and there
will| e remarckable anisocytosds [variation
mn L'-rg.'rl'll:m'}'h' ‘1:l'l':' p:'-!'wnr nn r|1|' |'||12l|1I:|
film.

I addirion, ved cell |L'|-:a-r["-'||1:l|-::lj.'._t' -\.'|:|:'||'+'.l:1
can be seen because af increased ervehrocine
fragality assoctated wath iom dehciency,
schistocyies, acanthooyes, and kerarocyies
ar: abooamwal eovthiocyre changes associ-
ated with dron deficiency. Figuree 4.8 il-
lastrates several eryshrocyte changes thae
are associated with iron J:I{'ﬁn{'nrg.'. Irian
deficiency is more commion and develops
moee rapidly in young animals, because
they have lmared dron i sheir diets of they
are still marsing and cheir bone marrow has
a smaller ponl of stored iron, Adult animals
psually develop fron deficiency with pro-
longed Bleeding thar i difhoult 1o identiby
ril rll'l:u"-ill.'.-i.. (SRS F ‘“.II.'I:I s a2 I"II."":'IJII:II.'., l.',u'l‘i'
eeointestimal lesion thar doss mot prodoce
cvert mhelena.
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Figure 48, Commanervihrooyie changes seen in fron deficiency. fa) Hypochromasia. by Budding imgmeniation.

41 Sohistocyle, ) Kemntosyle,

Anemia due to Blood Destruction
{Hemolytic Anenria)

Hemobvtic apemia can ocour by several
mechanisms incliding toxicity, eryrhropar-
asinsm, and immune-mediared discase, In
conteast to bloed loss anemia, the total pro-
cein i hemolviie anemia is wsually noemal.
T]'u:n: Are bBwd l:nud tyes af hl.:rnnfjrtil:
anemia, mtravascular and extravascolar,
Table 4.5 lists diseases associated with ery-
thracyte destrucrion and theie most com-
mion mechanisins. Intravascular henolyses
is the process by which ervthrocytes lyvse in
the blood vessel, resulting in release of their
hemaglobin |hemoglebinemia).
Exrravascular hemaolvsis is the process
by which macrophages in the splieen and

liver engulf and desrrov damaged ervihro-
cvies and becak dewn hemoglobin to re-
cower the trom and release balicubin {a brek-
down product of heme) inte the circulaton
resulting in an increase in circolaring bilirn-
bin (hyperbilivubinemial. Many hemolyric
clisenses are associated with both fsrravas-
cular and extravascular mechanisms. Fac-
tors that can influence the type of hemaolysis
include the rype of anribody causing the lv-
sis U immune-medinted disease, the severiey
of infection with ervthroparasetism, and the
severity of exidative injury with toxiary,
Intravascular bemolysis often cavses a
miore severe disease becavse of the roxic
Eﬂ:ﬁ:ts {:[ Fn:: |'.||:|'|:'||;|E|u|.'|i.1't {an I:|1: kid.rh:ﬁ-
and rthe widespread inflammarion associ-
ated with release of hemoglobin into the

Lopyrighted |TJ.:I:-||;|I
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Tabde 4.5, Disiawes associasa] with enhiocys destinacion and mochznisms.
Immune-smclisted [xtravaacular hemalysis; Intravascular bemaheiss has of
Femralyeic anemia macrophage remosad of eryshmcyies by anibody on the cell
ardifnndy-coa bl erythrecylo mairla
Heuinz body Chcidwive inpary 1 hemegichin
anemiveccenirocvbes dzinc, dnsgsl exlravascular
assacinka healusis: macnepRugo wmcal ol
anEmia erythmesyies wish Hesnr besdies
Enthimparasites Extravascular hemalysis: Inirvascular bemoheiss heis ol heavily

mizcraphage remesal af infoc ied
wryth o yhes dasvlibiodiirs 1 The
arganism conirihutes o the

phagocyiosisy
Hypopanahatemia

blood, Hemoglobinemia is seen as a red
discoloration of the seram or plasma |Fig-
ure 4.9l When |.'1.'.'|||.|.:|::|1E i ]'.!al::il.'l:ll: wath
hemoglobinemia, it is very imporeant to be
sure that the hemoslobinemia s cruly doe to
Iysis of the covrhrooyte within the parient’s
sesaels, In soime cases of hemaolviie anemia,

b}
Figure 4.9, &) Hemoglohbanenis, i Haypedhiling-
birssmiby ticterus)

Eatravase ular bilvaia: nompusd of
erythrocyies wish oxidative irgury

inleced erythnocvies danay be
ardExkle-mediansd}

Intravascular hemobic, prsdsly doe s
dismipdion of enthmocyie metabalism

the damaged ervihrocvies are fragile bur do
nod |vse i the vessel; they are removed by
the |!||:l|.':r|:|p]1.:g.' sysbein. H|.'|w1.'l.'|.':r, duri:lg
the process of venipuncture, the fragils cells
will fyse as they are drawn inco the syringe
of vacurainer. One simple way o decer-
riiate whether the lysis s troly ingravascular
1 to evaloate the urine. Pateents wich troe
hemoglobinemia will have hemoglobin-
uria {red wrine doe o the presence of
hemoglobin), When hemolvsis is present,
the MUHC s uwswally  increased. This
is an arrifacteal imcrease because ervihro-
CVICs cannet contain a higher concentration
of hemoglabin than mormal. Oocasionally,
an MOHC wall be inereased wathout con-
current ['lrmn:h];ll_ll'unﬂni.a. When this LTS,
it indicares thar there is some component
ather tlan hemoglobin in the bleod thar is
being treasured a5 hemoglobin by the in-
strument, The most common causes of this
arvifact are lipemia, Heing bodies [denas
tured hemoglobing, and abnormal proteins,

Exrravascoular bemolysis is more com-
ITLEIE th.ll.'l i|1rr.:|'|.'.'|.1|,'||.|;|r i'll:'.l'l“:ll_\'ﬁil. 1I‘trl'.itl.'l'l
the hemolysis s severe, it is associated
with hyperbilirubinemia and jaundice {vel-
low discoloration of the ssocs). Hyper-
helicubinenia, if sevene enoagh, causesa yel-
low discoloration of the serom or plasma
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iFigure 4.%h), The parient sith exoravascu-
Bar hernolyvsis will Become jaundiced when
the amount of bilirubin produced  owver-
whelms che liver's abilicy ro excrere the
bilieubin through the bile, Mo forms of
pnmune-rrediared aremiz are due vo ex-
t:l'-'l'-".l!-i-\'_'l.'llﬂr l'll:':ll'll:h]]-':l.‘-. Ilt ﬂjt t‘llfl“.i ﬂlF oE-
cravascular hemaolysis, there is a stroe-
tural alweration in the erythroovee char
triggers phagocyiosis by mmcrophages in
the spleen and liver, Antibodies, parasses,
hemoglobin erystals, and fused membranes
are the most commaon ervthroovee strucrural
clhanges associated with inereased ervihro-
cyte remgoval by macrophages.

There are several changes 0 the periph-
eral bBlood thar can assist in the diagnosis
of hemolytic anemia and help identify the
underlyving cause of the hemolysis. One of
the most striking examples is visible agelo-
rination of ervthrocyies seen with immune-
mediated hemolveic anemia. Marked ag-
glutinagion |clumping of erythrocyies due
ter dmmone mechamsms) s seen as large
red “flakes™ im the sample as ic is rotated
(Figure 4. 10a}. On the blood Glm, the clus-
rers of agglurinared crvthrocyres are seen
throughowt the blood film, most promi-
nently a7 the fearhered edge, In some cases,
the agglutinarion is so severe that it & im-
pewmsible o make 1 good Blood Alm [Fig-
are 10k When agglurination s seen, it
is apostant b be sure chag ic s trse ag-
glutinarion caused by antibodies linking the
crviheocytes egether and not a nonspecific
“stickiness” cavsed by inflanumatory pro-
teans in the plrl.:mrl, The =aline .'IHHI!IT::II.IHHI.‘I
Fest 1% Very us.n;'Fu| mn I,'.ll:FFI_'I‘{'I'II:Im’iI‘IH r|'||_'m_' Wil
causes of erythrocyre clumping.

Lse the following steps for the saline ag-
glutimation test methol:

. Add 3 drops of blosd to 2 ml of saline
and mix gennly,

2 Centrifuge the sample on the same see-
;ing_ A% @ urine sn rrl]'.-||_'.

3. Pour off supernatant, add an additional
2 ml of saline and mix gently,

iR

Figure 41401, {n} EQOITA, lhe showing gross agghinting-
tice. {hy Blood film showing a “reverse” feather edge
s vk fayihioc i igglutinagian,

4. Cenrrnifuge a second nme,

5. Pour off supernatant and resuspend the
crvthrocvre peller in 2 ml of saline.

A, Prepare o wet-miount of the cell suspen-
ston by placing 2 drops of the suspen-
sion on A glass slide and cover with a
coverslips evaluane an low power.

Figure 4. 11 shiows the results of 2 posthive
and a megative saline agelotimtion test, One
of the most comman abnormalirics associ-
ared with immune-mediated hemalyic ane-
M is the presence of significant nombers
of spherocyres, Other forms of hemolyic
anemia are associated with toxicities res
sulting in oxidarive injury with formarion
af Heine bodies and cocentrocyres [eg.,
acetiminaphen, @nc fOXWIEY, copper tox-
iciry, hypophospharemial and erychropar-
asitism, There are  hereditary  hemolytic
anemias associated with both ervthrocvie
strctural abnormalities and enzyme defi-
ciencies, Table 4.6 |'Ir|,:|'|-'il|i."1 a list of hered-
itary discases of the ervehrocyre thar resule
in kemolyiic ancmia.
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Figure 411, Saline agglulinalicr les), fal Megaine for
true agglutiration. @ Fositive far e agglutination.

Tahle 4.6. Heredilary disease= associabs] with
hemalvilc aneemia.

[aiwmasy Cammon Breed
IHemecitary Sirsalune schmasirers,
spheracyiosls Adaskan malamutes
Pyt kinuaso Rasinji, baaghes, Wt
duliciency Highiand whae
Sevriers, calem lemlers,
il sl
Phespherineiokirusy  Frglish springaor
deficiency spanicds, American
cokinf spaniel

Nonregenerative Anemia

Monregenerative anemin occurs when the
hone marmow cannet continue to replace
ervthrocytes thar ave removed due 1o ag-
g, This tncledes diseases that directly
affect the bone marrow and non=hone mar-
rowy diseases thar can inhibir the bone mar-
rov. [n nonecgenerative anemia, the bone
nrarrow cannet produce new ecythrocyies
in suffcient numbers fo maintain & noe-
mal POV Her, Primary bone marrow fail-
ure is scen with toxing, neoplasia, and,
carely, with nutrrional cavses. In addi-
tron, there are ]'Htlilrl].' wnderstiond ['IEiII'IH.I.'!,"
hone marrow diseases such as aplastic ane-
mia and poee red cell aplasia, Primary dis-
gises of the bone maceow wsually affece all
hematognoictic cell lines. Apeimia s a chrone
change when the marrow is injured, be-
cause erythrecytes have a much longer half-
life {120 days in the dog) dean other blood
cells. L indst Cises af nn:llrL-gEnE.m.ti.\-E e
rrtiz, the MOV and MOHC e within nor-
mal limirs becavse there are fow reciculn:
cvres present. Therefore, the anemia can be
diseribed as a nocmocvibenormochoomic
anemia. The exceprions to this rule are
FelV-associated macrocytic nonregeners
ative anemia {macrocyticnormochromic)
and cheonic nonregenerative iron deficiency
(merocytic and hypochromic),

Monregenerative anemia  doe oo sec-
ondary bone marrow discase is associated
with renal discase ack of erythropoicting,
inflammatory disease {marcow suppnssive
i.nﬂarnm:l:ur]r $l.1|.'l'!!-TFI'H.Z-=!], and encdocrine
discase (lack of hormones that avgment ery-
thiapaictinl.

Polycythemia

Molyeythemia is the counterpomt to anermia
and is defined a5 an increase inored blood
cell coune, Het!POCY, and hemoglobin, The

—
i
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most common cawse of polvevihemia i
delydration. Dehydration-associated poly-
crthema is termed “relative” because the
ingrease i red cell numbers is not doe o
ingreased production by che bone marrow,
Inscead, it is due o loss of che fluid porion
af the blood due 1o debvdeation. A high 1o-
tal protem wall be presens, in addition o
che increased red cell paramerers. All values
will retuen v wichin their normal reference
range with appropriate Aoid cherapy.

Iy conteast, absolute polveythem s a
real increase in red cell preduction, Abso-
lure polveythemia can be a primary discase
af tlse bone marcow, polveytheinia vera,
ar due 1o mappropriate prodoction of ery-
thropoiening, Falyorthemia vern is 2 neoplas-
ric process thar resules in production of
high numbers of red blood cells. Secondary,
na=bone marcow causes of polveythena
are usually associated with diseases that
cause general hypoxia (chronic prevmonia,
large pulmonary of intearthoracic masses),
renal bypoxia (masses thar impinge on
Blogd Aowe oo the kidney), or neoplasoc
miasses that produce excessive amounts of
erythropoictin or ervthropoictinlike suh-
stanees (paraneoplasnc svodromes). Table
A7 lsts causes of polyevthemia. Clineal
signs seen with mereased numbers of red
Blood cells include injecred (red) mucous

Tahle 4.7 Ty o palycythania,

Redative Debsdratice, =plenic
comiraciion
Ahsolute primary Pohayihemia vera
Absolue Hyponia (geneml)
secondary Ranal hypasia franal
My
Ervihropaietindike

wubistance produced by
nanrerul reoplyssa

membranes and distended blood vessels in
the eve.

Leukocyte Changes Associated with
Disease

Leukacyte chamtoes in disease cenaffect sach
tvpe of peripheral blood cell. sease pro-
cesses can decrease or merease the num-
ber of circulating leukocyes, The pattern of
chamge in e abaalure beukacyre numbers of
esch cell by pis 15 used to idcnti.F:.r u:u]-er]]rill.g
diseases chat are inflammarory (infecrious
and noninfectinus], metabalic, and neoplas-
ric, and to identify physiologic responscs 1o
excitement amd stress. Undestanding the
miechanisms thar cavse changes in lesko-
cvte number in response 1o both phys-
iological simuli and disease enables the
veterimary technician to provide the maost
cemtplete mbormacion to the clinician based
om examinarion of che hemogram and pe-
ripheral blood flm.

The wotal WEBC count provides inforin-
taon o the total number of kukecyees and
identifies o lewkocytosis or o lenkopenia,
The differential cell count provides the ab-
sollure number of cach leukocyre and allows
a full characterization of the leukocytosis or
bevkopenta (e, a lenkogrm pattern), Each
leukagram pamtern can be vsed to develop a
list of possible discase processes (a differen-
tial dingnesish, In addien to determining
the absalute number of each t¥ e of lewkn-
c¥te, examinarion of the leukocyvies during
the differenrial cell count identifies changes
in leukocyre moephology thar will provide
vitluable tmaght o possible disease pro-
cesses, This section describes the mecha-
nisms thar affece the number of sach leuko-
cvie ype and the morphological chanpges
seen in specilic leukocyies in response 1o ei-
ther |1|'|].*1'in||1|.5in.|. »;lunﬁ,cs ar disense, Sev-
eral arvpical cell cvpes are discussed.
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Changes in Neutrophil Numbers
and Morphalogy

MNewtrophils

A thorough understanding of newrrophil
dynamics, as discussed in Chaprer 3, s
essential o understanding aleerations in
netrophil numbers due o physiological
processes of disease, Inflammarion, soress,
and excitement sich have a disciner ef-
fect on the neureophil pools. A5 a sho
there are three nensrophil com-
partmenis: the proliferating pool, the ma-
uratigndstosage  pasol, amd  the cirowlar-
prgfmargimated poal. The proliferaning ard
maturationdstorage poals are in gl bone
marroes, and the crculating'marminated
posol is in the Blood vessels, Shifis of neu-
reoprhils among these pools are responsikle
forr both ncreases i cireulating weatcophals
incutrophilial and decreases o cireulating
newtraphils [nepiropendal,

Meureophils in ditferent stages of mar-
ll:il‘lii:lﬂ e .I":?lil'll.l [1}] LI'IL' di”n.TL‘:lﬁ 8L~

TEVIEW,

trophil pools. The proliferation pool con-
tains newtrgphil precorsors thar are srill
able to divide, (myeloblases, promyehecyies,
and myelocyres). The matoraciomfsorage
peral contains the reimainder of the meo-
teophils in the bone marrew (metamyelo-
cvies, hand neutrephils, and matore seg-
mented neurrophils|. The storage subgroup
i this |'".|l:r| cisisists of ;1|'l]:-rl.|xi|'|L:'|1-r.'|:.' a 5-7
day supply of mature newtrophils, When
this storage pool of marure neuatrophils is
extausted by an inflammarory demand for
nectrophils, band aeotcophils and, of de-
mtand 15 severe encugh, metanyelecytes ane
relegsed. When there 35 an r|1.'|,'rl.'|.'|'u_=||11inj"_
demand bor neoteophils, myelocvres may
be rveleased from the |'|r~|:l|i|!-|.'|.':'|1i-::-|!| ]:r|:l|.l|.
The circulabngfmarginated poo! comssts of
matare neatraphils o the normal anmmal,
The subgroup of nestrophils in chis poal
s marginated cells, nearrophils thar line
the Blood vessel wall, The remiaining neu-

reophils are in the circularing subgroup and
ans Flowing within a cemral core of blood
thar 15 surroumded by cell-poor plasma, I
is the circulating newteophils inothis core
that are sampled when blood & drawn
(Figure 412}

Meutrophilia

There are three primary mechanisms that
can  result e newtrophiliag inflamma-
tian, stress Jincreased civcelaring corticos-
teroadsl, amd excitement (increased circu-
|.'|I:i|:|p. -:'|1|.|:||.'p]1 rumel. lJIFFE'n'I:II‘I.aI:II:IF AT
these three camess can be dithonly,

Inflammatory newiraphilia develops he-
canse of a demand tor ocuctaphils inorhe
s, o respoase o either tesue death
(mecrosish or g infectious agent sech as bac-
teria o fungi [sepsish In most cases, a small
fiorcuss aof misswe inflammarion will mor cause 2
hiFI'I:iﬁL‘ill'll inCrese in l.il:»..'l.ll.'l!iﬂ:_.‘: I'|l.'|.|.|r-:a-|'||1i|
rsmibers, However, a Large leston or anas-
flammatery process thar affects mulople tis-
snes (svezemic inflammarion) will fesulr in
an imerease mothe number of circulating
newtrephils, I the milammatory disease 15
SOV EET WH!Q“\.FTI."‘JI:I I.'l'l':”ll.'\.l'lI rl'll" I:II"||'|:||'|I:I
for nevtrophils will exhaust the matoeas
tiorsorage posel of maree newuteophils and
trmature tetrophils will be relzased oo
the circulataon.

The release of immature neutrophils 15
called a lefr-shift, The prosence of a lefrshift
te diggnoszic for an inflammatory lewko-
[, A ||:|:||.i:|1|1|.'||:1:-r_'.' II'IIkl'II{F.Il'II. [ma ] I'IIl
characterized by neutrophilia, normal new-
teaphil coune, of neutropenia. The severity
of the inflammaroey process can be infersed
by the seveniy of the lefi-shife. A lefe-shafe
is classificd as regenerative or noaregener-
ative, Anather way to refer ot is come-
pensared or noncempensaned, 1F the bone
rarrow can compensate Sirly owell for an
||1F|:||1||:|.|.h:|:r:." I:II."'I'II.I.”I:I I':Fr |'||'|.||:r|:|]!-|1ij'-, rl'll'
compensated inflammarory leukogram will
shiow menteaphilia wich a lefvshifc and rhe
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o Meutrephil

Flgure .12, The nosmal neutraphil paals.

number of immanwee neutrophils will be less
than the number of maneee neuteoplils,

[F the bone marrow cansol adeguarely
respond o the demand  for neusrophils,
three tvpes of noncompensated inflamma-
cory boukogram <an beoseen: omne with
neutrophilia o which the number of im-
mature neutrophils sutnumber the mature
ncurr\uphﬂs, o 10 which there s 0 normal
neuteophil count and there are increased
numbers of immatuse neatroghils, and one
i which there s o newtropesua and an
increase in the number of immanere neo-
rrophils, It is impartane to remember thar
for the Last two tvpes of noncompensared in-
flammatory leukogram, the number of im-
miature neptrophils doss not have to exceed
the number of marure neurrophils. Figure
4.13 illustraces thres tvpes of inflaimmatory
beukagram and their clhassificarion.

Band neutrophils are considered che hall-
nark of an inflammarory ledkogram. When
bBand neutrophils are prsent in increased
numbers, the chinician shoald be prompred
ey search for the focus of inflammarion, It
is very imporant char all rechnicians in cthe
clinic who review Blood Alms have 2 stan-
dard by which they idennfy o hand neo-
I:r|:||;||1i|. The defimition of a hand n:-|,rtr\up|'|i|
is a meurrophil swhose noclews is nor seg-
mented, Meutraphils in dogs and cars kave
bess cistinct seprmentacion chan other species
i, humans and horses), In the dog and
caty a good rube of chumb is this: if che no-
clens of the newtrephil docs notr have a nas-
rovy region that i less than 102 the greate
wideh of the remaiming nuckus, if 1 2 band
newtrophil (Figure 4,14}

Once aninflammanory lenkogram is iden-
vified, there are morphological changes in
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A 3,000 neartroph i gl
3,450 hand ravirophile )
S0 rwrbiru b e |l

HNoneompeneated lnft shiff
4380 neineophils | A
1,900 hares repitrophile gl

Severe noncomponsated loft shift

Bone Marrow can kesp up
ity dheivusiad e

Figure 4,13,

the neatrophil thar can assist in differentiac-
ing inflammarion secondary 1o sepsis from
vaflarmation secondary o0 monseptic pro-
cesses, Toxic newtrophils are mose often
seen with sepric inflammarosy processes, A
rasxic neutraphil has increased cypoplasmic
basophilia and 4 “moth-eaten™ or foamy
change to s oyroplasm, In dogs, the pres-
ence of Dohlé bodiss=angutar, basophilic

Tygres al Jel-akddis seacciated with imflemmaption

cvioplasmic inclusions=—also indicate toxic
change |Figure 4.13). Car peurzophils of-
tent hive Trohle bocdies withous any change
in cyreplasmic basophilia or vacuolarion;
therefore, these inclusions are not signifi-
cant in the cat.

A L‘vl".lll'lpe'ﬁu!mj left-shift s ween with
chromic ar focal imfammation because ne-
ther process overwhelms the bone marrow

Band comparing the widest part of the
ncleus (A) vo the thinnest part of
the mecleus (B): Line B s lenger

then |2 afl line A

Meutrophil comparing the widest part of
the nucleus (A) o the thinnest part of

the nuclews (B Line B is shorter

Figure da1d, A meshod for defining the band neutrophil.

then 112 of ling &
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HHUH‘ 415, Dsde Baddy in o dog hand neureapld,

storage poel, The hone marrow can increase
the rate of neuteophil production and keep
up with the demand for the pearophils in
the nflamed tissue, Fagore 416 illustrates
the changes in the neurrophil pools i a
compensaned lefr-shift,

A decompensated left-shift ocours when
mflummation has overwhelmed the Booe
marrow’s abilivy o produce neutrophils in
adequare number oo meer che demands of
the inflamed tissues, Overwhelming infec-
tions of whaole organs such as preuanonia,
p:.-l.:lnnr.'-p]'iril:l.i, PN preoenetr, genl.rrnh'med
exudarive dermariris, and severs enteritis
are often associated with a decompensared
befi-sheft. Figure 4.17 llusrates the changss
wi the nevtraphil poals with 3 decompen-
sated lef-shifr,

Mot all inflaimmatory leukograms have
a lefr-shift or toxie change. Many animals
with a mild or maoderate i.r!lﬂuﬁl.m:l:l:rr;r pro-
cess wiall have a simple neacrophilia, As
a result, it is often difficult oo differenti
are neuteophilia due to inflammarion from
neutrophilin due to stress [sgeroid-ind eced
newtrophilia) or excitemens (epimephrine-
induced neutrophilial, There are hines in the

o]
2 & Hycloblast
5& P Prompelocye
| | @ Myeooe

Bone Marrow

Tissues

i Band Meurrcphils

o Fautraghil

Figure .16,  Charges in the reutophil pools i an inflammalory process with a compensaled leflshii,
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F|ll|.llil 447, Charges in The resaliephil poals wilkoa nomscompensated leli-shill, Soie thal ke skmape posd canlains

no msiure neutraphils

permainder of the leukogram thar can help,
A steroad or stress response s alse associ-
ated with decreased numbers of lympho-
cvies, and in the dog, an increased number
of manocyres. An excitement response is of-
ten associared with a concurrent incrsase in
Lymphancytes.

Meutrophilia associated with sress s
caused by the effects of corticosteroids on
the movement of neutrophils berween the
nectraphl peols. Stersicds inonsase the re-
lease of nevrrophils from rhe storage pool
and increase retencion of neurrophils in the
circulation by making them less Msricky™
(elecreasing the number of newtrophils in
the murgjl!mfed |-||:||:|.]_| and less flexille, These
changes prevenr neucrophils from easily ex-
iting che circulating inoo the tssues. Figuie
418 tlusrrae the changes in the newtroplhil
perals dwe o the effeces of mcreased circu-

laring steroids, The effect of steroids on neu-
trophils s oate of the reasons patiens thae
are receiving sterodds are more susceptible
ter infections; their newtrophils cannor exit
into the cissues oo destroy bacreria during
an infecrion. An excellent example of this
s the development of bacterial cystitis n
patients with increased circularing corticos-
reroids due o either a disease or administea-
tion of large doses of steroibd medicanan, In
thiese imdivedoals, the orine does o always
have a signtheant number of nearrophils n
response o the bacteria presenr,

Inceeased circulating epinephreine in the
excited patient well cavse an lacrease in
blood pressure that “washes™ marginated
neutrophils off of the vessel wall into the
circulacing pool resulting in appacent meu-
trophilia. A lymphocyiosis is also seen in
conjunctien with nencrophilia and can ac
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© Band Meutraphils

© Meutraphil

Figure 418, Charges in the neutraphil poals due ooincreased circulating stemibds 1siress neoirophiliap. Mote that
there is increased refease of mature neutraphils fram the siosge pool and decreased numbers of neuirophils in
the maginabs] pool cousing o mestepiilia, Becouse he peulmphils cannet gflach e wall af the vesssl ey

cannol milgeste ania The lissyes,

rires exceed the number of nensrophils,
This response is more promment in the cat
because cars have a larger marginared pool
compared oo the dog, Figuee 419 illuscranes
the changes o the circulating newstrophil
porial in response to excitement,

Meulropenia

Inflammarory leukograms can alse be seen
with decreased newtrophil oumbers (new-
tropemial.  Gevere  wfluammation can s
greatly overwhelm the bone marrow that
it cannot maintain neucrophil numbers ar
the normal level, In this case, 2 lefe-shiit
and coxic change are usually presens, Neo-
tropenia doss nob always imdicare inflam-
matien, Bone marrow injury can cause de-

creased production of neutraphils, often in
assoaciatien with 3 nonregenecative anemia
and thrombocviopenia. Infecrious agents
ipankeukopenia vieas, chronic ehelichiosis)
and drogs [chemotherapeutic drugs, estro-
gen, certain antibiotics) can cavse reversible
damage to the bone marrow, In these cases,
creatment of the infection or withdrawal of
the dewg will allosy the remmant hematogsi-
etic stem cells 1o repopulate the marrow,
Irreversible damage o the marrow is of
ten secn with prolonged cxposure 1o oc-
rain deops, replacement of the mareow
hematopoietic tissue by a neoplastic pro-
cess, or as an idwpathic process. In these
CASCE, AEEICSSivE treatment o stimulate the
bane mareow fails becawse there are no
hematapoietic stem cells kit to repopulane
the bome marrow,
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F|ll|.l|‘i-1a.lﬁ Charges im0 the resstephil pools dies ka0 ieeeasend coculaling epinepheing excibement], Thes

margrubed posal is the orlty poal allected by excitement,

Oine special case of neureopenia s doe
ter grarm-negative Bacterial sepsis, Gram-
negative bacteria such as Escherichar eolr
and Kiebsiella spp. have a compaonent
of their oell wall called endoroxin o
ligopalysaccharvide [LPS%) Endoroxin has
ntay padent effects that contribuate to the
serioes clinical signs seen in parienrs with
gramenegative baceerial infections, One of
these effecrs i wo increase the “srickinoes™
af neatrophils, prompsing neatrophils
the circulating core to enter the marginated
perol. Endoroxin ales inhikits the release
of newteophils from the maroearion/storage
peenl aned decreases the rare of prolifera-
tion and maturation of nevtrophils. Each of
these effects contributes to the development
of nemreopenia, Figure .20 illustraces the
chamges in the neugrophil pools tn response
tor endotaxin., The effects of endomxin can

b seen within 15 minutes of exposure o
this poxin. Juse as capidly as the newtrophil
cont can grap, the nemrophil comne can
rebound with remarkable neuteophilia with
a beft-shift when the animal is sucoessfully
rreated.

Changes in Lymphocyte Numbers
in Disease

Lymphocyiosis

Lympliocyviosis is an increxse in the num-
ber of circulabing lvmphocyres, As discussed
previcwsly, excitement can cause a signih-
cant lymphocytosis and is likely the moast
cammon cause of this kukegram change.
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HHIJH- 4.1, CRarges in the reulrophd poois in sepais demckalesing Bobe thal B is o chcrease in The ramber
of neuiroghils released by the sorps pool ard anircrease in the number of neoiroghils inthe margrated pool,
This reseilts in a decseased sumber of neuirophils in the circulacing paal ireuteapanial.

Vaccmation im young dogs and cats 15 also
amsociated with a significant increase in cir-
culating lrmphocyres as a resule of strong
ancigenic stimulation of the immune sys-
teatr. The incredse o |:.-|1‘|pi1l:'|-c!|li|.-:.' 1% deein 1
ter 2 weeks aber vacainanon, The lymphin-
cvies seen in this case, as with excirement,
apz small and normal in appearance. Ooca-
siomally, kge lymphocytes with decply ba-
sophilic cyroplasm and prominear muckeoli
fimmunoblases) can be seen as 3 component
of the lymphocyeosis [Figure 4.21).

Both cxcitement-unduced lvimphocveoss
and  lyvophocvtosis secondary to vacc-
natenn are considered physiological fvm-
phocytosis, A less commaon, bur impaors
cang, cause of lvimphocyoesis s lvmphoid
brukemia, There are two types of lym-
phoid leukemia, acute or lvmphokblassic and

chromic or lymphocyiic. The lvimphocyses
seen in lymphoblassic leukemia are large
and bave prominens nucleoli and variably

% -

)
s ® oo

Figure 431, A lope mactne lymphaoye inoa puppy
poehacciration,

-

&
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F|E-I.IH' 4.2, Aculer lymphead leukemin, Mo e sie
of the lymphod cells compared 4o the ane neairaphil
i the dield,

bacophilic cyroplasm (Figure 4.22). This
nepplastic process s easily distinguished
friom a physinlogical lymphocyrosis.

On the ather hand, chronic or lympho-
cvtic leukemia can be difficult o differ
citiate from  physiological lvmphocyiasis
because, b both ceses, the circulating bym-
phocytes are small and have normal mor-
phology (Figure 423} The clinician will
have to use other facrors to decide whether a
deg or cat with a lymphocyviic lymphocyio-
sis has a neoplastic or physiclogeal process,

There iz one special case of lvmphocy-
paais that is associated with an infecricus
discase: chrlichiosis, Rickensial organisms,
the cause of chelichmwss, are parasites of

Fllll.lH'lLu Chrwtic BpmpRoylic leokemrne, Mo
the normal momphodagy of the small lymphocyies.,

newteaphils, monocyoes, and plaelers, The
rrongeyiie parsite (Ebrlicbar cans) cin
cavse a marked lvmphocytosis where the
lymphocytes are slightly larger than normal
and have small pumbers of cosinophilic tm
slightly Pasophilic granules, afven nestled in
a small niche n thl: I'IIJEII.."1I.'E- The disti.r.u.:-
tive morphology of these granulared lyme-
phecyes should prompr resting tor chrli-
chinsis.

Lymphopenia

Decreased nombers of cin.'ulntillg_ |:|rn|]'.||'||:|-
cvtes, lyvmphopenia, is seen with several
processes, Sress, as discussed previously,
resules in deceeased lvmphocyies because
steroids imhibit the return of lvmphocytes to
the circulation and can cause lysis of lym-
phocyes {lympholysis), Lymphopenia can
b due vo Joss of lymphocytes inoe the tissues
and baady cavities, Chylothorax i3 an accu-
nalacion of lvmphocyte-rch Huid {lyemph)
inthe thoracic cavity, Lymphocyres can also
be lost or compartmentalized (seguesteredl
in dilared lvmpharic vessels of che gasorain-
testial tract (lymphangicetasial. Heredi-
tary mmune-defciency diseases can result
in the decreased production of lymphocytes,
and vival disease can eesule in the necrosis
of lyonphoded tissues and destruction of lym-

phascyhes,

Monocyles

Monocyrasis, increased circulating mono-
cvtes, is a feature of the stress leukogram
i the dog. Tissue neceosis and some forms
of chronic imlamosation, such as fungal dis-
case, are also associared with monocytosis
as a component of the inflammarory leuko-
gram, Occasionally, monocoviesis is seen in
nELlrepeni patients, perhaps as a compen-
saril:m fopr r|'|:.= |ai:'|-c ok nrurﬂ:||1|'|||5. A {]-.:-
creased number of monocyres is nor asso-
ciared with disease.
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Eosinophils

Eosmophilia, increased numbers of circu-
lating cosinophils, is most commanly as-
sociated with diseases ot hypersensiniv-
iy ar allergy (allergie dermatitee, asthmal,
parasitism (heartworm disease and some
caternal parasites), eosinephilic enteris,
and |1:r|'l|.'n'|.l.hi:|11:l|'|||i|:'|.' sg-'l'ld FOETe. JIIIII'lLll.ll:I'l
eiminophils are routinely seen in the s-
sues of anmiotals wrth fungal disease and
mast cell rpmer, chese diseases 3re naor come-
monly associared wich an costnophilia, In-
creased numbers of basophils, basophilia,
can by seen o oconcert with eosinophtla,
Basophilia s rarely seen by irself,

Afypical Circulating Leukocytes

Arvpical circularing leukocyres are oben in-
dicatioms of |!u'l.|3‘~|;l-|:"'| ar feukemia. If vou-
tine evalimton of a peripheral Blood film
reveals arvpical cells in addinion o the nor-
mial peripleral bleod leukocyres, it is bost
e dave gl Blood Elm and o feesds blood
sample sent dote 3 reference laboratory for
a pathology review, Determining che arigin
of neoplastic cells in peripheral bleod may
cequive specialized rearing in addition to re-
view of the Wright-{riemsa stained slide.
Figure 4,24 illustraces several examples of
neoplastic leukoovies,

There are  hereditary  disorders  char
are charcterized by circalaring alwnoermal
Lepkgcyres, Pelger-Huide anomaly is o ge-
netic discase found in many breeds of dog
and occasional cars, In individwals affecred
with Pelger-Husr anomaly, all circulating
nemtraphils and eosinophils are hyposes-
mented and resemble band forms of these
granulocyics, There is nae discase process
asgoviared with this anemaly. It can cause
significant  confusicn when  a perfectly
healthv-appearing dos has whae would be
nencompensated lefr-shift in any other pa-
cient. Une of the keys to kdennifying a parient

with Pelger-Hubo anomaly is the facr rhar
the cosnaphils are affected as well as the
newirophils and thar the newtrophils kave
dense clumped nuelear chromatin and no
evidence of toxic change

Chodiak-Higashi syndrome, muocopoly-
sacchandoss VI, and ganghossdoss are all
rare inherited diseasae that have abnormal
leukacyres. The neuteophils from individu-
als with Clediak-Higashi have a small num-
Ber of lightly ensinophbilic, moderately szeecd
granules, The neatrophils from individuals
with mucopalvsaccharidesis %1 have no-
merois somall hjhup'.'li“q. |.',r;1|'|||||.'.=\.. amd oc-
cil sigeally their lvmphocytes have vacuales,
Inddividuals with ganghosidosis have vacuaio-
lared I'!.'|11|'||'|n|_'1.-|:|_-~;. Figure 4,25 illpsrranes
the leokoeyoe manphalegy af these inhe-
Eterel dlisses.

Infectious Disease Agents of
Ervihrocytes and Leukocytes

There are several inbecrious diseases chat
can direcely affect the hemagram bndings.
Most ervihroparasites are associated with
ANermilE. TJ'II." BIVETTEY ||'f|: I'Il:' dImeemina -I:!'rll.':llil 5
on the individual infectious agent and, in
soime cases, the age of the patient.
Mycoplasow remafelis and Mycoplasma
remimmiehien are 1wo ervthropansioes
that attach o che surface of the erythro-
cvie, They are small and can be ditfioalr to
pdeneify unless the Plood film wsowell staemed
and free of st precipiate, Mycoplagoe
hemapinemes s the smaller of the pwe ors
ganisme and is vsially seen as 2 small, rod-
shaped, dack-staining body on the edge of
the erythrocyte, Myooplasma bermofelns s
larger and may form distinet signer ring
forrms thar can be seen ovedying the erve
theocyre on the blood film. In many cases,
caly e of these organisms will be seen on
r]w I"IIZIII:IIJ FI|I1I. S cats can I:I.' ||:||:n.'h'|:|
by both., Mycoplasma bemofeliz is the or
ganism thar is most often associared with
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Figure 424, {al Acule bymphoid leukemia, 1) Chonc lymphooyic Bakemia, @0 Myelomonocyiic keukemia,
b Erytrunmic mipedokis deryihiokeakomia

Figure 4.15, da} Neutrophids with two ecsinophilic granules from 3 cal with Chediak-Higashi syndume,
b Keuraphad with rome s Breophilic grandie from a cat with sucopalysacchanicoei, 66) Lymphocyie with
nisswrnus dia e sacudalion e o car with GRal-ganglioopioeis. () Reatmphil fram o odeg wits PelgarHui
anomaly,

Copyrighted TJ:.:-rlaI



Figere 4.26,  {a) Aaltwsie pilisies b Bebeds conde. foi Caning chinbirm o wire s basians, () Coetansroan bk, @) Mycapdioma hesainBa §fy M:,-:;w:.ﬁnm Exrtreacanis.
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anemia [extravasculas hemolviic anemial.
Mycoplismae beveomantum can b seen in
nonanemic cats. The feline mycoplasma or-
ganisms are spread by bives and blood suck-
ing external parasites such as fleas. My-
coplasnd hennoedeis s seen in dogs thar are
s|'||.|:n|..-1.'|:-:r111:i::|..~|:| ir have I :pll:ni: func-
tion. Ir is rarely, if ever, seen in dogs with a
funcrional spleen.

Rabesne cans anad Balresia gl are in-
ternial erytheopansites thiat are withen the
erythrocyre cvtoplasm, Though rare in the
United State, babesiosis ic srill seen on occa-
sigein, Babesia organisms are protozod rather
than hacteria. The disease s sp:rl:ud h:.' ticks
and bates, Babesur sz s the larger of the
rwa organisms, It is usnally shaped like a
reardeop and mav be found asa pair wichin
one erythrocyte. Babesir gilaoer is signifi-
cantly smaller than Babesir canes and has
a signet ring shape with a small dack nu-
clews at the periphery of a clear vacuole-like
space. The American bulldog and the pi
bull appear to have an ncreased suscepei-
hility to Babesiz gibsond,

Cvitawxzoon felis is a protozoan crv-
throparasite of cars similar in appearance m
Balresar gebsone, They ane small sigoet ring
structures with a small dark nucleus and a
clear vacuolar space within the cvtoplasm
of the ervibrocvie, When first reported, ov-
Lauxzoonagss was an invarciably faral disease
tcits, i most cases, by the sioe the owner
navted that the cat was il and presenced their
pet to the hospital, the patent was mori-
b and died shoeely after arcivall Owver
terme, the PaArasIe APPears tn have |;||:1.'¢|1:.|1m,‘|
a better relationship with its new host, the
devmestic car. More cats are surviving treat-
fEenr in pecent years. This pacasite 5 most
cemmmoaly seen i the cengral and southern
SEATEE,

Canine distemper virus, though rarely
identified on routine blosd Alm cxamina-
teon, can be seen o dogs with very acure
dimaase. :F“I'l'lll'l.'lh:l}'.. as o resaly of excel-
lent vaccination programs, most practices
in the Uniced Scate see only rare cases of this

Fi'wm 437, Micmofiliania in s hloed lm from o dicg
poadteve (or Cvalitans dmumilis snligen.

devaseating viral disease of voung dogs. In
acute mfections, viral imclosion can be seen
in newrrophils and ervihrocvees. The inclu-
s are best seen using DNfECuik stain and
appear as deep magenta homogenesus in-
clusions. They are easily naissed oo Wright-
Criermsa stain because they stain light laven-
derand Fade ineo che background staining of
the neatrophil and erythrocyte eyooplasim.
Figure 426 dllustrates the morphology of
several mbectious agents thay can be seen on
a peripheral blood film,

Dirofilaria fmenitis {the canine heart-
worma] 1% a Ffilarial worm seen prioarily
i clirgs {occastonally tn caes). The adules
live in the anterior vena cava, right atrium,
and occasionally che sight venrricle of the
heart, Tl larvae imiccofilaria ) prodoced by
the aduly female worms can be seen im the
peripheral Blood in infecred animals, The
larvae are clongate and contain numerous
small nucled theoughour theie kengrh. When
pvicredilacia are identifed g a blood flo, it
i important o perform a heamworm anei-
gen test oo confirm char che microfilaria are
Dirafilaria fmweitiz, There are other less-
pathogenic filaral worms thar can release
muicrehilaria ingo ghe blood (Depetalionenna
recowrditien), The larvae of these two spegics
of flarial worms cannot be distinguished
from cach other on 4 bleod flm. Figure 4.27
tllustrates 4 circulating mscrohlaria from a
dog with confirmed hearmworm disease.
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Renal Physiology and Anatemy,
Clinical Diagnostics, and Disease

Introduction

Before discussing renal funcrion and its clin-
weal |.|i.3|.'.|'|l.rhl|.;.':~. '-ill'l'.|'||l\.' 1|.!:'|-|1Im|.'. |.I\.'L'|1I'II.I.|I.II.'
minst be reviewed. In handling blond moa
serum separaror o chot cube {red top tobe),
ceam members most evalvae the wbe for
changes suggessive of artiface or pathalogy.
Just as the purple top tube can help detect
changes in the blond thar can supgest ami-
fact {i.e., cloting) or disease (i.e., agglurina-
Lil.|:1:-.. L||..'||I4,',|.'~\. it thee ped [LETR) il cai alag
sugest disease or artiface that can affect the
cutcome of the clinecal dagnosics,

Step 1

After Blood is drawn from the patient, it
should be placed in the red top mbe by re-
mioving the red stopper and gently dripped
inte the ube itself. This prevents crauma
ter loe red cells and helps 1o redoce artib-
|.'I|'I| |1|'rl:|lll.:|""|il'I. “: I:I'I.l:' 1I'I|."|C|I|.'.I.| [ERm I:I1|."II.'I|JI\.'F
is using a vacutainer, the normal flow of
Bload into the tube by the vacuum pressure

should noc be strong enough o prodoce
hemalysis,

Step 2

Allenw the bleosd sube oo clar, In general,
115 minutes should produce sethoent
rime ro allow for the blood e clor in the red
e tube, TE o clor does nog accur, T may sug-
gest b st bilities: ariface or pathology,

Artifact

The bleod has been contaminated with
some EDTA while placing the bleod in
another tube (purple, blue, or groen toph
This can vecur when using ather a springe
OF YWECUTAINGT S¥SiCm; A small amoone of
EDTA can contaminare the vacutainer de-
livery neodle as bloed is being rransterred
ibo the tube. This EDFTA then can affect
the blowod enterimyg the red or serum tap
tubes sropping the clotring process, To help
prevent this artifact feom aocusring, wam

75
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neenthers wsing a vacutaines system showldd
place Blogd sieo red pop ke fnigally and
then fill the other noncloming tubes,

Pathology

If ehe parient is swifering from a desease cha
I:II.'!.TI.'JH'H r‘lu'lll."'ll.'tﬁ Rir -\.'|-:r.1‘i:|ﬁ_ F.I.I.'E':!lr“ |:H|'|'
Chapter 151, the patient’s ability to clor may
e compromised. Although it s imparmant
tor nofe that with clstting or lack of clotring
within the red g tube, the ladk of a oo
deres mot alwavs reflect the patient’s ability
o ot i ins body, A lack of clotin the red
pop tube shoold always be discussed wath
the veternarian. [F 3 clos does nob acour,
the follavwang samples couled be collected o
cetermine the patient’s ability to clor Blood:

Redraw a Venous Sample

Drrawwrirg another Bloed samgle and placing
the blaed inn another fresh red rep tube
will rule out the rlrl'\.'ki|11|ir}' rhae the ey
o sample was contaminaced with ETFTA,
When deawing a fresls Bload sample in 1his
sitzazion, a jiegalar bloed dreaw shouald o
be antempted, [f the patient does bave a clot
[Ny pro hlem, a i|,|p;|_||.1r draw can prodpce
a very large collocrion ot blosd under the
skin (hemaroma) that can decrease the pa-
teenr s TI'I:I I'I]l'llll:l I.'I."'" ARk ke rl'll."' I{"ﬁ:'l I‘:h.ir
a transfusion may be necessary,

Olstaln & Clotting Time

Cibraining a clotring rime from a perpli-
eral vean can help the medical ream evalo-
are the levels of chemical in rhe blosd o
help imitiare the cloming process {cloming
factors; fsee Chaprer 1300 Increased clor-
ting tivmes represent a lifehrearening con-
cern I:ur TI:IrE' it trent, 'WI.'I II.'l'I.. 'I.'-l'I".E'H '.Ii!'l:ll: IFII'!I..
showld ke discussed with the veterinarian
immediarely.

Evaluate the Platelel Count

Although it takes both cloring Bacrors and
plarelers to produce a fnal clor formarion,
ofen patients thar bave increased cloring
Luiriss '«'ﬁl". iI]hIJ I:III.'I-'L' I.II.'I.'IL'iI.!ﬁL'L‘I F‘]il‘h’.‘ll." KL=
hers, The '|'\-|.1 relers mre consumed as the |1r|-e|:.-
trics e imitiare the cloming cascade amd stop
tnternial bleeding, As with cloting factoes,
a patent with decreased plateler counes
o@D can represens 4 life-threatening
caoncern for the pacient, which, when iden-
tificd, should be discussed with the vereri-
tiiLriai i||'||'|'.|.'|.||.:|h.'|3.'.

Step 3

Ewaluare the serum for aboermalicy. Onee a
cliot s observed, the aimple should be spun
clevwen b the centrifuge oo LY miotes, Ohisee
the blood tobe s removed from the cen-
trifume, the serum shoold ke evaluared for
abnarmalivy. Mosnal sevum isa clear soraw
I.'l:FII.II.'. ':..l'l:l.l:lF-!'ﬁ b N r|1|.' SUCIEIML AN ERCCLID I.‘ILII.'
ok aritbact or disepse these changes noe 1:||'||:.-
can supgest diseass bat can also artifactu-
ally affect other components of the blood
chemistry, Any changes o thice Blood serom
shonld be docomeonted in the chart imme-
diately and discussed with the verenimanan,
The tollowing abnormalives can b noted
in el serum.

White Serum {Lipemia)

Lipemia sugmesss an inereased whire pre-
cipitare of far e lipid in the serum. This
can occur artifcoeally of the aoonzl has
gatem a fary meal before the blood draw,
This also this seems 1o be a commen ai-
fact nored shen drawing blood tram minia-
ture schnaveers, Aoy disense thar alters
the bodv's abilicy o digest and metabaolze
fat can also cavse a rrue lipemia, Diseases
thar produce a viue lipemia are diabetes
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miellitus, hypotheraidism, hyperadeenoce:-
tcsm, hyvperlipidemia {mre), and hyper-
cholsterolemin irarel, Dependent on the
chemistey unit used, hpemia can alse ar-
rifactually  alter liver and other blood
LII.L'I'I'IihlriI.'h.

Red Serum (Hemolysis)

Hemolysis oocors when recd Bload cells are
destroved  releasing hemoslobin it the
serunm. This cam occwr artitacroally due tooa
eravmatic blood deaw or il'l'l]'!lrl.r]"q.'r rriisher
af Bload inte the red top tobe, In diseise
conditions, hemaolvsis can be noted in the
carly stages of immung-mediated hemaolytic
anemia (TMHA), where the ted blosod cclls
are being attacked by white Blood cels like
foreign bacteria, Dependent on the chen-
istry unit used, hemelvsis can alse arcifact-
all¥ alter liver fespecially bilirubing, kidney,
Eloed caleium, and other blood chemistries,

Yellow Serum (laundice)

There is ver artiface thae can produce jaun-
dice, Jaundice occurs when hilirghin, 2
waste preduct from red Bloed ool pro-
ducticn, builds Wi i the tissie. Bilirabin
nornlly is prodieced by the bady as ored
Eloemd colls are destroved in the splesn and
then converted inte o nontexic form i the
liver. [t is then exceeted by the liver through
the gallbladder. Animals develop jaondice
with liver disease, gallblydder ebstrucrion,
or massive destriction of red Bbloosd cells in
the bloed vessels (secondary o IMELA)

Urogenital System

The vregenital syapem consisss of the kid-
neys, ureters, lladder, vrethra, and repIn-
ductive argans of the animal, The kidneys
are a complicated organ responsible for fil-

refing toxin our of bleod, concenteating
urime o prevent dehydzation, conirolling
Bload clecrrolvie levels, controlling hlong
pH (Blood gash and maintaining blood
pressurne,

Fenal disease is oo of the mose common
formis of aprtre clisease i both the it
and dng, Team members mst understand
renal funcrion, abrain a thosough darabase
tir belp identify renal disease, onderstand
Elocs! chemistry changes thar wlennfy renal
chisease, and he ahle to discuss these con-
cerms with the clienr.

The l.|:ri||£|:r:r 1_1':~Iq.'l'|1'.~\. rikain functien is o
I.":P'Il.rﬂ:ll I:Il.l:' E'IiIII.I1Lﬂ|:i||:|| '::ll: FRELREL .|'.||:Hi. -
s from the body. Severe disease ocours
when the |-:i|,1|1|_'}'l-. are unahble o Alter oo
rexxing andd wasce through specialized steoc-
tures called glonserual {Bowmain's capsuale)
(renal cortex) and concentrare the urine by
reabsarbing water in the leops of Henle {re-
nal medulla) oo prevent che fluid Tose dhat
p-:rud UCEs dl.'||:.-d fation. Further, the ki-lll'u.':n
also Fumctisas o help produce red Blood cells
from the bone marrow, contrel bleed pres-
sure thiough a cellular mechanizm called
the remin-angiotensin system, concrol the
excretion of acidiving compouwnds thar help
(4] I.'I'IZII'.rI:FI I:IIIZH:IIJ '|'.\H.| .I.I'II:I I1.'||.|.|.'II.'I."' II'r r|'||=
clecorofvies (sodivm and potassivm} wichin
rhe T'-::lﬂ:r. Marrmial kl:l.‘ll'll:_t' Furcricn is reces-
saty fur lifie,

Each animl has teeas kidneys, the right
and the lef (Figure 5,15, The kidneys are In-
cated close o the spine in the middle of the
allomien. The lef kidney @ slighely further
behind the right kidoey, which i Located
JUIST I'\II_'I'II.I'IIII r|'u' I:I"I: r||1. TI'I{' rl“l“‘ L:1I_‘II'II_":¢' (B3
pasitiomed withinthe vikcage, The righe andd
Lefr adrenal glands sic just in fann of both
kuleys, The aaternal amatorey of the kul-
neys is splic into several sections, each sec-
tiin |'|.1'.'inp; 15 oWwn amaremy and fenctinn

The Ridney™s inmemal anatpmy has Two
i anatamical rL'HiLI:'IH., cach of which
l'I.L'\-i IE% (T iII'I.'I'Ill:I."I.'rIII.'\l!' i||1I:| I.I.II'.-\_'r“:II'I. TI'II'
renal cortex is responsible for the fltea-
tion of toxins our of the blesd, balancing
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HEII.IH'E.I- Hhasmaation al renal posilicon and Iocal
anatomy within the abdomen,

af bload clectrolytes, and control of hlood
pressure, The renal mieduolla is responsible
far the concentration of urine to prevent
dehydration.

The renal cortex is the ootermost re-
gion of kidoey tissue, This region houses
hundreds of thousands of glomeruli (Figure
5.2

The glooteruli are dosely associated wath
small arteriole beds, The glomervlar fil-
rers have very fine openings (called fen-
catrarions] thar allow small molecules o
filter inee the tobales from the blood-
sftream., Ax |_'I|1,I-I1|.‘| passes Thrq:ugh tlu: sm:”
arteriole beds, all blood molecules small
enough flow passively into the wrinarey

space. These smaller malecules are sugar,
aming acids, waste prodocts, and  elec-
tenlyres {e.g., sodiom, porassiom, chloride,
erc. . Larger blosd molecules such as pro-
teins fe.g., albumin, globuling cte.) cannot
piss Chrowgh the small fenesieations of the
healthy glomerular capsule,

Once che molecules and Auid have been
passed into the urinary space, the wrine
flows on into the proxamal esnvolued
tubsules. The fusctzon of these tubules is 1o
apgressively reabsorb all of the necessary
nurrients back into the bloodstream. This
b5 an active process accomplisled by cello-
Lar [RIEHEIRES within the walls of the ]'.-rl:mimal
and diseil tubales, Chice the necessary no-
ericnts are reabsorbed, che fluid chen passes
inta the loops of Henle seithin the renal
rvedulla.

The leops of Henlbe function to reabsorh
a large percentage of the fuid component
of the urine {Figure 5.3},

T e this ehe cells of the nephoaric loaps
actively extract sodion ons (MNat) and
move them into the medullary issoe around
the nephrotic loops, The tissue in this re-
gion is more concentrated than the fluid
moving through the leops of Henle, caus-
ing water to passively move into the sur-
rounding tissue, This provess reabsorbs 273
of the fluid within che nephrotic loops, Ini-
tially, patients onable to actively reabsorh
Fluael froan the vrine st develop increased
thirst {polydipsial and wrination (polvoria)
as they oy o compensate for increased
fluid losses. As the disease progresses, an-
irmnzls EXPETIENCE |:iEl,'.-|;]1.I'I:-.]|‘I:-:I‘I.iI.‘IH drhj‘d.r.;-
teon and are wnable to make wp their fuad
losses,

Ohnoe the urine leavies the losps of Henle,
it enters the collectong duces and enters the
renal pelvis, The renal pelvis eolloos all
the wrine produced before moving ince the
wrerers, The ureters enrer the bladder ar the
Bladder's neck inthe arey called the rigone.
ﬂnl;l: ureng mlll:i;l:s &1 r|'|:.= bsla dd:.-:r, ir 15 ox-
creted chrough urechra and leaves the body
through the urethral opening.
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fiﬁur\t EI husimlion of a glomerular Chpsule, urinasy space, praximal and disal coneoluled babes, repnned

liesmgai, Sord cxalliegingg eliicis.

Fhe kidoers muost Aler the blosd ac g
camsant vare in oeder too mainmain a low
lesel of blood roxins. To dio this, 20% of
the lody's Blood volwoe mes be fliered
through the kixlbeys every minuee {Fugure
5.4 Anv disease or [!a,,l_[hi:lll'lj"_}' rhar e
creases glomeralar filieation increascs the
armount of toexm in the form of ammoma
i the bloadstreans, This is called gzotema,
The increas: in toxins makes the pacient
wienk, anorexic, and naveesns; cavses di-
arthes and l.'l.lﬂ'li.lill_!.'.: and can |'|r-:a-|iuu|:
life-threatenme dehydranon and potentaal
'\-.l'll'll.'k.

Evaluating Renal Function

ke elements in cthe chemistry allow the
medical ream o evaloare it normal renal

fileragion (glomerdar flirationg Table 5.7]
and urinary conocniration s Cournng,

[riseases, which effect the renal glameru-
lar hleration, inhibie the kidney®s abilicy
tor fleer out socits from the Bloodstream,
The inabiliay of glomerzlar Glicarion is di-
rectly propommional 1o the amount of tox-
s within the bloodsiream. In general, it
raboes 65=70% of all glemernl o be affecred
before there is a rise in the renal toxins
fazotemia) of bloed urea nitrogen [BUN)
and ereatinine. The fl.r'||1:l'.1.'|:|'|!.'. sections de-
seribe blood clemistey parameters thar can
supest decreased ahilive of glomeralar fil-
CraTicem,

Blood Urea Nitrogen (BUN)

Blond urea nitrogen is an amalgamation
ol rwn ammonia molecules. Ammonia s
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Figure 5.1,

'._. E"ﬂ__.-':"-ﬁ

-

lwssetion of 4 rensd corles and mesclulla, The menal medulla mainkins g vy high se concensmation

that werves b padl skl can of ihe urine. The concentrasing ability of the Ridveys bedps (o presen dehydmiion of

1har pratienr

a toxin produced during normal procein
rretabolismy. BUM is prodwced in vhe liver
and then placed ints the Blosdsoream so
that 11 can be excreted  durog oeeemal
glomerular floration, General increases in
BUN concentration can he associatcd with
decreased glomerolar fleration, However,
mtestingl bleeditg can also increase BLN,
Blowsd contaims a large amoant of progein,
which, when bled into the intesrinal system,
s digested like any other Food sowrce,
MMseases thar prmboce intestinal bleeding

(g, parvovieal infection] can secondarily
tnceease BUM levels in the blood. Furter,
high propein meals can alse produce @ tran-
siemid imcressse i serum BUMN as the protemn
is metabolized. Althoogh blend levels of
BUF cam vary trom Tab oo lab, normal RLH
lewvels are generally as shown i Chare 501

Chart 5.1
Canine 10-26 mgfdL
Faoline 15-34 rr|||.|;."|;||.
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Flgure 5.4, Imuage of normal filragsn of blecd, b ne-
rpaires 2% of Bland solume going through the kid-
neysimingse o allow adequate removal of 1oxinsg fram
thas Blcesd inta the onre,

Creatinine

Creatining is an amino acid that is a metabo-
live of muscle, which is produced in the
Body during normal muoscle merabolism,
Inerstses i enearinie  concentration s
d:in:-:l:ﬁ':.r nunnnh'd wifh a |;|n:rmm in
glomerular fltrarion. Unlike BUN, there
ar: no seoondary causes for elevations in

creatinine, Although blood levels of crea-
b can vary fooan lalbowo laby, oocnsal
creafinine bevels are generally as shown in
Cham 5.2,

Chart 5.2
Canine 0.5-1.3 mg/dL
Feline 1.0-22 mpfdl

Phosphorus

PMhosphorus i a4 mineral thar is a key
clement in many cell funcrions, tclod-
g booe formation, energy metaboliso,
misele concraction, and acid-base balance,
Phosphorus is largely excrered by the kid-
nevs, There are many causes for incneased
Blogd phosphorus levels (hyperpliospho-
l'ﬂ'l:lil:l.l B t:h.'l.rll:w ﬂ_l; |'||:Lwe_'.'.r|:r.| the Pres-
ence of hyperphosphotemia in association
with clevations of BUM and crearinine
cin suppost changes i glomerular Alica-
tion. Although blowd levels of phosphors
can vary from lab co lab, normal phos-
phorus levels are generally as shown in
Chart 5.3,

Chart 5.3

| Canine T 355 mpldl
[ Feline 3.0-7.0 mgidl
Alhumin

Albumin s protemn prodoced e the liver
and released in the bloodstream 1o carry
miodecules thronghour the body, If glomeru-
lar filters are damaged, albumin can pass
fromy the blood inte the enne during nor-
mal gh:h:rn:.-:ru[;r hltration ‘It':iﬂ_ll e 5.9],
Protein Joss inte rhe wrine can ocour
carly in eenal disease before a true azoremia
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Tabde 5.1, Clinical diagnessics thar bedp s moriar kicessy e ion.

Chemisiry Elements That
Sarggirst Duscravansnd

Cither Factoes That Eknvale
Erayme or Elemerit Leyesl
Husitlis D reaien in

Factars Indialing Thal

Element Clamendar Filiration Clomemnlar Filimlion True Renal Azolemia
BLIM Axodenn |a Gl bleeding USG5 <1.00 5
BURM =26 mgidl [Caninal High proctuin seal
Bl =34 mgidl (Feline=)
Creatinine Azciemila Mane LISE =1.00 5
Ciea =0.3 mgidl ICaninel
Crmea =23 mpidl (Feline)
Phosphoaus P =5.5 mgddL (Caninep [Meease that aflects Increased phosphorus
P =70 mgdL (Rl calelum and phiosphois milEl he In associatian
bualaree, with el
BUMEmatinine and low
usG.
Prilassizem K =40 mEyL [Canine| Any dissase Thal can Do s prslassium
K =<3.F mEgL (Feline} cauze fluid losses iz, must be in association
vemiting, anoreaia, o wiith ehoearied
cliarrhis muy Invesr by BLIMEeaining and low
patassiumk LS,
Potassiiam K =5.4 mEqL (Candne) Hypeoa desna oo s Increaded paoladadim must
K =5.2 mEcyL (Falina ik isnnts ) v iy e i weith
elmated BLINCmeMinine
and urmary ahsinection.
CAN BE ACLITELY LLIFE
THREATEMIMNG
Albumin Alh =30 gl Canine) Liwer Olss o Prorsiboks earky wamdng of
Al =24 gl Fading Bleeding impending reval dissn.

Castrainiestinal Dr

Lo alburmin must ks
assoclated with a iree
senal proksnin
thee Chapier 11)

is noted. A combination of low bady al-
baimin [hypodlbuminanial and high ori-
nary provein levels (proteimoria) can suggest
glomerlar damage and be an early indica-
ror of renal discase, Although blood levels
of albwmin canm vary frem lab to lab, oor-
mial albumin kevels are generally as shown
in Chart 7.4,

Chart 5.4
Canine 3145 ghdL
Feline 2441 ghdL

Postassium

Porassium is an incracellular fon thar helps
prroduce electrical enecpy allowing skeletal
and cardiac contraction muscle, depoliriza-
tion of nerves, and other metabolic fune:
tions (soe Chapree 8). Porassiom is normally
absorbed through the digesive  sveem,
stored mside cells, and exereted through
the kidneys, Although many diseases can
alver blood potassiom levels, chronic re-
nal discase can produce a profoundly Low
bewly paatassiwm level [hypokalemaa). This
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Figure 55, llsimlion of kidreys with damapge o the
fileers causing, bilood protein Galbuming o pass inio the
IJrilllll'r B,

cocurs as the pateent loses its abiley to con-
cenitrate urine, and more and more potas-
sium is excreted from the body with larger
quantities of urine. Although blood levels of
provtassinit can vary feom lab o lab, nercoal
potassium levels are generally as shown in
Chart 5.5,

Claart 5.5
| Canine 4.0-5.4 mEg/L
| Feline 3.7-5.2 mEg/L

[Mseases that alter renal 1'|1|,-|;||,:||.|a.r5,' tis-
sue affect the animal's ability to concentrare
wrine, These animals have lost che abiliry
af reabsorbing sodivim ine the medollary
tssue amd are wmable o create 2 high
soclinm gradiens, This stops the flow of wa-
rer out of the wrine and inoe the tssue, in-
creasing fluid loss, Paricnts with decreased
miedullary function cannat maintain naerosal
h}'drnﬁ:m. Tn ]1¢|p compensate Far ‘r|'||;.= ||:|-u5:5l:r
patients begin oo drink Large amounts of wa-
ter. Orften these pets will bagin o show in-

creased thirst and urinamon as a first symp-
taan to these diseases,

The kidoey™s abality to concentrate urne
is measured by an mstament called o res
fractometer (soc Chaprer %), This instru-
ment measures the concentration of a fluid.
The specific gravity of fuids is measored
from 11 tn above 1,045, The higher the
number, the more concentrared the fluid,
A urine specific pravity is the best assess-
mient of concentrating ability of e re-
nal medulla and a key indicator of renal
disease.

To diagnose troe renal disease the medi-
cal team must prove thar the panent bas loso
the abality 1o both filier toxans [azoteanal
and concenirate unne. I both elements are
naot wwhservable, the patient may be affected
by a secondary discase thar affeors cither
gloamerular Gltragion or medullary concen-
eratioan, le then becomes the medical weam's
responsibility o differentiate primary kid-
ney disease vs, another disease affecting re-
mal fuinction [Algorithin 5010,

Preremal azotemaa s caused by decreasad
blood perfusion of the kidneys, producing
decreased glomerolar fileration, This syn-
drome is nor caused by kidney disease bur
e cavsed by dehydravon. Elevared peroant-
ape of debvdration decreases the hodv's
ability o perfuse its organs normally, and
glomeralar filcrarion decreases. However,
the kidnevs <ill maincain the abiliny o con-
centrate urine {Fignre 5.6,

Texl Box 5.1

Eey Painis io Help Distinguish Prerenal
Azniemia

* The pet has evidence of decreased
glomesular fibiration with an jnoeased
Aol

* Urine specific gravity is high because the
Kiclrvinys lsaver ro bost cheir abiling o
Lo rrale urine,

#  The azodemia reverts o normal lesels
after hydeation |s restared,
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Figure S, llkastration of prerenal arotemia. Dehy.
dration ch s Blesel ferw thegh e Kklneys shovwe-
irg glomenular Altestian arc rechices the amourd of 1ox-
i in the urine. This causes increasing feve ks ol onins
irs wher Bibaridarrenarm.

I renal azotemia, a discase thar primarily
affices the kidoevs cavses azoremia and de-
creased medollary concentration. In erder
for the azotemia to occur, A5-75% damage
er boch kidneys must occur, The kidneys
have lost the ability 1o concentrane urine;

Figure 5.7, Due da the loas of 27334 of kidney mass,
thir kidlnuys canmet adeguately filler or corgonirate
urine, This prsduces pabents with s aeciemea
thigh levels of ooins in the blosdSow levels of 1Ioains
ir the wrireh asel jEatienes than peodeco Lirge amauils

of wmime bicause fhe bidnevs bave osi the ahility 1o
concentrale uring.

therefore, the urine specific gravity can be
miuch lower than mormal (<1.015). With
severe chronie renal disease, the azotemia
miay not revert to normal with fluid therapy
iFigure 5.75
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Text Box 5.2
Ky Points with Renal Azolemia

= The pet bas evidence of decreasad
flomerular fifiraticn with an ircreassd
azZotemia,

® Ll specilic gravity i4 low because the
kiclrneys have last thedr ability 1o
concemrale urne.

® The azctemia does not genenlly everl i
riarmal lenvels after bydration is resiored.

In postrenal aeotemia, there 15 g rise
in kidney nonprotein nitrogensus  coms
prouneds due pooan ebstruction of the blad-
cler, which produces a retrograde ackBow
of wring o the kidoeys and ammonig into
the Bloodstream (Figure 580 A severe
azoremia is present; howewer, uring spe-
cific gravity tends to be high inically be-
CHLISE T|'|r: ki-ﬂnl::r: srill :rna.in‘r.'lin r['u;.- ahil-
ity to concentrare urine, Due o lack of
potassium excretion, a life-threarening high
blood potassiem bevel (hyperkalemia, see
Chapter 8) can oceur. Generally, onee the
urimary tract is wnnbstrocted and the animal
is rehvdrated on Auids, the kidoey values
can retucn o normal. However, iF the pa-
teeint is abstructed for 2 long peciod jeg,
herars), the increased recrograde orinary
pressure can produce permanent kidney dis-
ease, These patients come in abstracted and
hiave Hfe-threseening aeotemna and difae
Uri.lh.'-

Teal Box 5.3
Eey Palnts with Postranal Azotemla:

* The pet has evidence of decreased
plamerular Alration with an increased
azolemia.

* Fatierds can be severely bypeskalemic.

*  Lirkne specHic gravity ks high inatially
besc e the Kidnises have lost their abilivg
to concentrabe urire., If abstruction

Laft kidnay

Urater

Flr.lrl' 58, Due ko cfeine s ol the blinbidar aml uri-
nary outflow tract, Iexins thal am pushed inko the wripe
retrograde back inie the kidneys, showing glomerula
Tilte@ticrn amd peoducing seisre agelamn 1 cfislica ed

lorg enowgh, permanent kidney diseass can occur,

comtinues koag enough, permanen
damage can occur and USG can fower
Ipeaar prognosis)

= | caughl in the early phase, azctemia can
reverl io reemal [evels afer urinang
ohstruction is removed and hydration s
restared,
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Secondary Concerns of Renal
Disease

There are a nmumber of secondary con-
cerns that can oconr when glomerular fil
rration is affecred, Mosr concerns oocur
with chronie disease (e, chronic eenal dis-
case), a5 plomerular Glication and the abil-
ity to concencrate decresse over time, All
secomdary disease concens should be eval-
uted when mm'uiruriuu.'. aid Ln.'.'l!ill:_IL a re-
nal patient. Many secomdary problems can
mutke the patient worse of the medical team
'|I':!.:!"- not evaluate each COMmponeny -\.'In'J Trear
accardingly. The following secriens discuss
these concerns.

Chronic Nonregenerative Anemia

Mormal renal tissue produces 2 hosmaone
called ervthropoicting which stimulares red
Blowd cell formation from cthe bone mar-
rovwy. With chronic kidney disease, evy-
thropoietin levels decrease, This decreases
red blood cell formation {|'|rnnw.1|!:.' and

can produce modevate o severe ancimiza
i Figure 5.9}

When treating the chronic kidney failore
patient, the animal may presenc boch ane-
mic and dehydrared. As discussed in Chap-
ter 2, this can produce a packed cell vaol-
RIITIE TI'liIr [y appear "c'r'IIIIIiZII Il:I-"c‘r' EI'::ITIII:I:II
limirs, As che medical t=am crears the renal
patient with large amownts af inteavenoes
fluicls, Blood fleid levels can retern 1o odr-
ol oo e produce a delution effect oo the
red blood cell, This can produce patienss
with a life-sthreatening anemia within a few
hupiers afrer the |.'l|.'|.'.i|:||'|i|!,_|'.', of inrravenous Au-
vils tFigure 3. 100

Flectrolyte Abrormalities

Sodivm and potassiom levels are nespisisi-
Ble for producing electrical acoviey m the
bady. Sodium is a charged particle char is
fargely extraceliular in the body. Potassiom
is a charged particle thar i lacgely inira-
cellular i the body, Sodium and potassium
change 5_'!'.1{;_'& in order oo creae clecirical

Flﬁun"i\.‘?. HErstsation of b aiBhnypestess deslakis rid Blood cell preslig i

chronic bdney disease, decrearsing eryifinopal

In levels can produce & moderai

1 [ i Bane mairdie (et WWith

o profoursd anemila dightl
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Preireaseraernt Chroréo Asnal Disease Pestreatment
P Palig Py
T Sonum
Barum
Foia +— Butty caai
wrgmy —
Tetal T Bl ot
PCY 35% wihime —|
POV 119

Figure 5,90,
Anemic,

IMustration of how packed ool volusee s affecied By rmnal putients shet are bosh ol rated and
The PCY an thes lefi represents o cat with cheonle repal falluiee prior o meatment, The B0 on Lhe dght

Fepefirianith T Raas parssis amad b hoaes of Faavy Chiid thera py

current to produce muscular contraciions,
heartheaes, firing of neorons, and ocher
berdy functions (Figure 3,110

s discossed previously, chronic renal
failure can prodoce chronic lypokalemia,
Wil changes in h}'puk._a'!q'nli,_l. can pros e
wieakness, anosexia, and kethargy. In severe
casrg, 4 patient can becomie so oweak thar
i canmnet Lt e head (veneroflexion of the
neck: Fiygore 5,125

Hypertension

The kidineys muse presarve normal blood
pressure o ensure thar 200 of the hlood
is filtered by the Lidnev, As blood pres-
sure decreases glomerular Bloration also de-
creases, and owver fime the kidneys cin
detenomare, To help prevens 5 decrease
i blood velume, the kidnevs wse the
penim-angiorensin sysrem o incicises hlood

Eﬂ?lum![f'-li? "T" *‘ EID-;"UH'IIN-FI * *

r"l..-++ ::"*.

Eotassium B+

L Cel

— .
l"-'+"“' 1 -"u

Potassium (K+

Cal A

e

Emcirical potental

Fligure 501,
Ehectrical enerpy for the baoche,

IBugtralid o how S nthangs of ddies amd paradgiom o and aol ol e 8l Ly gl
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HHUH‘ 52, Wenliolkeadon ol dhe deck: The body's
prbassiury is s leeewe kL Thee patien) camreal B ily neck

pressure [Figure 5131 There are special-
ized cells present within the amerinles of
the glomeruli called juxtaglomerular cells,
which sreerch depending on bleod  pres-

dusegiirmi b el

Fapsd biood Tiow

Jduregnrain b il

sure, As Blood pressure decrsases, the jux-
tagloanerular cells shrink, which stimuolanes
the relepse of a0 chemical called  renin,
Renin activares anather hormaone called an-
giptensin —  angicrensin L which is pro-
duwced by tle liver. Then angiowensin |
13 I.'l'IFI.I'IEt!I.‘l 17013 .il.'lE_i.I:Il:l.!l.'l!in 1 waihin r|.'||..=
lungs, Angistensin 1L is 4 potent constric:
ror of blood vessels, producing a whaole
By arvericle comstrecton, With incneasaed
codiatrietion of the bleod vessels, blood
pressure rises, imereasing bleod through
the kidneys and  increasing  glomerular
filtr acion.

With preekerits 5uff|.~:ri.1|g from chronic re-
nal cizease, the disensed rissne can serll se-
crete renin even though aa=75% of both
kidney missues have been damaged o de-
stroyed, As glomerel bego o fail and their
ability to hlver blood s compromised, renin
secretion increases, This continued process
over time can produce constant hyperten-
s,

——————§ Mo renin seoreiion

Varcrenesncion

HHUH‘ BAE Muastailicd of the postaglomsralar cells relobarg renin in mesposee b decnasing hlod prsssonm.
F=nin acthales argiclersn, a palenl wsccoretnclon, Increasing bood presue,
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Protein-Losing Nephropathy

As discussed previously, some forms of
glimerilar discase can prodee damage
e the glomerular flvers, allowing larger
molecules soch as albumin to pass o
the urinary space {see Figure 5.5 Uwer
time, chronic bleod protein levels decrease,
p:l.ld Ll.q.'i|I__|'.'.|i!rpul:|||'|l.l:|l'|i|'|l."|1li.:|- Wi R e -
mral Blood albumin levels the body can-
mirt heal propecly and the papoens can
become weakensd and anorexic, Further,
albumin exerts a pressure on che fluid
conpnent of the bloed (oncotic pressure)
rl'.l"l'llﬁ_ EIIlII:I Fr-:!-l:l [}H' FIS5L1" LTET) [I'l.ﬂ' I'll-l:ll'll:l
sn that the large protem molecole can be
mivved throngh che vascolar cupply. The hy-
proalbumiemic parient Moses anoolic pres-
sure smd begins to pash Haid from she hlood
supply back o the sissue, increasing the
chances of fluid buildup in the tissues and
lungs, Cheonic remal parients thar ac hy-
presalluimaimsernie kave an iereased clmnes of
ﬂ'.lil:l |:|'l.'-!'r|-:h..'||:| l'!l."'l.'u'lll‘l" FI'IIII:I 15 1THre IIL:{'I:I'
e miowve from the blood supply into the
lungs.

Metabolic Acidosis

There are mullions of chemical reactions
that the bedy wses every day w0 pro-
cduce energy, manufacoute protcins, main-
rain nosmal homeoscasis, and micer ocher
daily needs (see Chaprer 7). All these re-
actions regquire o specihic blood pHo be-
tween 7.35-7.45, IF the blood pl alters
from this ramge, these reactions are slowed
of s nor occur. With paents  soffer-
tag from renal disease, los of glomeru-
lar Bliracion, buddup of body toxins, and
vomiting and <iasrhea can oocur, These
factors can produce o bleed pH <7.335,
cansing a metabolie acidosisy this can fur-
r|.'||.‘-r '|'.-r|:||:||u_'|' 'l'all.".ﬂ:kll.l:'?ﬁ., ATHICEXLL, '|'|:l|1||r:|'||{.
and diarehea, and the patient can develop
shock,

Urngenilal Diagnostic Tests

Becavse renal disease can develop as a
suhtle process and because kidney enzyme
elevacion can be seen with arher disesse con-
ditions legg., debydrarion, wrinary obsoroc-
tionf, 2 full diagnostie workop can be in-
dicated, The follawing sections present an
averview of sugrested clinical diagnostics

Complete Blood Coumt

The complets bloogd comnr allows che veteri-
narign to determing changes in the red and
whire blood cell popalarions thar can be af-
feeged ]:-:.' renial clisease. Soine u'.'lil:'l;.;l.'h that
can be nored are reviewed in che follewing
RTINS,

Changes in (he Bed Bleod Cell Couni

Cohronie debvdeation can canse an increased
packed coll velome secondary oo an acure
o chronic discase, Pers thar cannot concen-
reate cheis urine prodoce large amounts of
clelupe wrine thae can result in debydrazon. A
dlecreased red blood coll populationfanemia
alser can oo secondasily oo chromic de-
crease i ervtheopoierin levels,

Changes in the White Blood Cell Couni

There can be hacterial, fungal, or progoenal
causes of intecrious renal discase, which can
produce significant elevarions of the white
Blooed cell populations.

Blood Chemistry

As descrtbed previowsly, elevarions in crea-
teinte, BUR, and phospharos and chatiges
in electrolvtes can all support the diagnosis
of poteniial areremia,
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Urinalysis

Urmialvsis is ong of the most important clin-
ical rests in defining renal disease and iden-
tifping <arly changes in kidoey funcriomn,
Ewaluation of urime specthe graviey m the
aEnremic partient confirms renal azotemia in
migst cases (see Chapter 91, The presence of
protein iy the weine may be an early indi-
cateon of glomerular disease efose the pa-
tient develops sgnthcant pzotenta, Evaluat-
ing;, the vrinary sediment for abnormalicy in
cellular oyrology can suggest the evidence of
venal casts, whive blesd cells, vrinary crys-
r.l.l“.| T .|.|1r|1:lr||'|i|| -\_'4'”‘-5.\. |'|H!.|I.'.-ir||'lﬁ I:IIH.'-'I“I"
of the hladder, kidness, or reproductive or-
EANE (&4, ELLL ] ({1

L'rine Culture and Sensitivify

I a heavy bacrerial presence @ noted in
t]'ll.' LTI iII !.'III:I]I.II:II._.i':HI. 'I.'||'||'I'| I'IIL'I'I.".JK!'I:I ||ri'
nary white Blood cell conne and renal cuses
fespeially white blood el casts), a wrine
culouse and sensiciviey should be considered
isee chapter 90,

Lirine Protein/Creatinine Ralio

If true recal protemaria s detecied (see
Chaprer ™ in a patient withour  abyi-
il aEoremia, an evaluartien of wrine pro-
teinfereatimine should be made. In most
healthy patients, there should be o wery
small amount of protein in che vrine com-
pared o a large kevel or renal excrered
creatinine: therefore, this raie should be
= 1, As glomerular disase progresses, lasger
amaounes of Blood albumoe will seep into the
urine, increasing this ratio <lese to and be-
vond 1. Increasing rariee levels suggest maoee
seviere glomerular disease and help tlse med-
L..'-'II fEam n:'n.'|||q|1| e :IFFI'I.'I:I."\-I] k.l.liﬁl"!a"\-\. TI:HJ |1|"
gin treatment before aeotemia and severe
wzight laas seous,

Blood Pressure Moniforing

Becavss hi|-l;|'| hlewsd Pressure {nvpertenseonj
i a commaen secondary sequelac e re-
nil dissase, monitoring Blood pressure with
Droppler ar oecillation equigment is strongly
recommended, Screening ill panents before
beginning large amounts of Auid therapy
willl decrease the risk of a w1:lr.~\.|.'l'|il'||.'. ]l:.';‘ﬂ.'r-
tension and development of vetiml hemoe-
rhage, cardize enlangement, fuid overload,
and dearh

Blood Cas

Because loss of renal fonetien can decrease
renal perfusion, increase Blosd toxin, and
produce diarchen amd somizing. which cn
cause the los of carbomate rich fuads,
mietabodic acidosis is a commiom ::_ﬁ;n|'u,|;1|'g.'
congern o renal pacienes. In evaloating
Blocd LAy e L]l;lp{-\.'r L2} the veresinag-
an can get g progiostle indicator of how
severely affected the panent is and, with
stcessive cvalmation, moenior respons to
LreatmLnl.

Ethylene CGlycol Test

If withim the previous § hooss antifmeese in-
torxication 15 smpected, an ethylene ghyool
test can help confirm whether ethylene gly-
corl s evident in the |_1r||;]1_.',

Abdominal Radiography

Badicgraphs o the abdomen can help
rhe medical ream evaloare kidney size and
shape., determine whether there is evidence
III-F I'l."'l1-'|| 4ir I"IJIII-II.IZ'F ES0ONNE, 00 1TEHe rlrl'u'-r
abcaminal organ changes tha: may supgaest
disease.
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Abdominal Uiltrasound

Abdeminal uhrasound can help the medi-
cal ream image the inremal architecore of
the abdominal argans oo se: changes in soft
tesstie suggeitive af glomerular or medullacy
dizease and dererming the presenge of stones
o soft tisswe calcificarion or the evidence of
MLsses of TOnkors.,

Through proper monitaring amd evalua-
teon oF meddle age mo seior patients, ne-

nal diszase can be deteced carly, irs disease
progression slowed, amd secondary disase
concerns can he monmeored for and con-
trolled, All members of the medical team
st B able vo wandersrand the clinical di-
agrostics of remal disease, how o moaiter
f-:hr 't.-el..'ll:llll.'lr:n-' CONICCTES,, .ﬂl“l I:III'I'«' Ed3 'K~
plain the disease and its concerns o the
licr.



RLESDS 5B osenfeld

April 12, 2010 A5

Trim: 24dmmi= 172mm

Liver Physiology and Anatomy,
Clinical Diagnostics, and Disease

As opposed o clinical diagnostic evalua-
rion of renal disease and kidney funcriomn,
the :||1|||.r:." ter evaluate lver 4‘.1||:|:|.|.'.-.' vE, |:|:'|1-
atie function 15 much more compliex, Thes
chaprer reviews the changes in liver en-
Fvmes that arc present in paricnts with liver
travina. However, note that changes @n en-
zymaes do noe always mean that the liver i
nontonchional, The other concern s that a
paticnt can have severe debilinating liver dis-
case with poor fuscion and can sill have
hloasd work parameters within mesomal Lm-
its, Team members most be able o onder-
stand the imparrance and the limitation of
heparic clinical diagnostics when approach-
g patient with potenial liver disease,

TI'II'I Il'l'-!'r sIfs 11 TI".I'l -\_'r:ll'l:l.'ll secfLan |'|E. r|'||=
abdomen on che right side of the body be-
hind rhe diapliagm and candal oo the spom-
ach amd spleen (Figure 6,15

The liver 5 divaded ingo oltiple loles
separated by fssures within the organ, In
the canine and feline liver, the lobes ane di-
vidled invo the following:

®  Leaft lareral loke
#  Lefr medial lobse:

*  Righr lateral lobe
= Righr medial lobe
= Choadrate lobe
*  Candate lobes

The liver also coneins the gallbladder,
'I.'||'|'|il.'|'| (1 r|1|' -n.'l:l]ll."q.'rlll_l.',. ‘-il:l" r.I'II 1|-:'.'|rr|'l.':|r-e'|:|
rains. The gallbladder is stimulared roocon-
rract, cmprving ies content theoagh the com-
mign bile where it also shares ducts froam
the pancreas {see Chapter 7) befose it emp-
ries inin the duedenum, The ingestion of
ford and warer stimulace che release of the
paenereatic cneyvines and constriction of the
Hu'l"l'll.-il:llilﬁ.'r r|1r|:|1|;.;_:'| r]'ll." CETEImdan I"III' I:II.II.-I'.
Many of the toxins deactivated by the liver
are ¢olor pigments (see the secrion ¥ Biliro-
Bin™ below ), which give the feces moss of i
corlor, Loss of liver hanction or abstroction
of the gallbladder con produce retrograde
flow of these bile pigmenes inoe the serum
and tissue producing a yvellow coloration
{iclerus or iaumliﬁ.':l. Because bilisuban i a
Eoxcim, g reased levels can mnke the parent
wieak, lethargic, and anorexic and prodoce
vamiting and diarehesa.

B3



In: [2P
clif

BLES 55 Bnsenteld

April 12, 20740 Vel

94 Chndcal Parhologe for the Yeterinary foam

Trim: 24dmmi= 17 2mm

Wana cava

Flgur\t el. Crardal abadomen archiiescine.

The liver has many functions in the body;
the most impoctant is decoxification of tox-
s, The small investine absorbs all food
'\.rll:.'l', |1|||.'r|:r|1'\., .||'|I:I [OXITS INE: A |.|rH|,' b
news system called the portal venons sys-
pedn. The Barge poscal vein cateies all of these
substances ko the lver where ineracellular
chemicals feneyvimes) devoxify toxins g0 an-
et waste progduss,

For the livier to be able toe deroxify Bload,
the internal architocroee of the liver mase
b adapred 1o Rlter blood, harvesting mec-
gssary nprrients and removing toxins, To
dee this, the Iver architecowre s divided
trca ginusoids where |r|}'|.'r:- ane cell thick
of hepatocytes flier Blogd flowing from
the poornil venn to the hepatic cemtrl ven
{Figure &2},
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Figure &.2, A cross seclion of the hepatic sinusoid. A small branch of the paral wein passes theough the bssue
paking Besrd dno e canteal wen, Blied leming, nuteients, and s ralis are abeabsad By thee liver cells lining,
thiw sinus ihepatocyies), The loxins and micmies ane deactivaled and then pushked inle a duc) sysiem called bile
canaliculi, which then mowe (he laxing inta the gallblackder.

The function of these cells is e absarh all
rexing, bacreria, and nucrients thar are in
the portal blood supply. The nurciems are
absorbed, altered inro other proteins, en-
ergy, and fars needed by the body and then
released back into the blood venouws Ao
for general circulation. The texins and bac-
terga are deactivated and then released o
channels, called canalieuli, running between
lavers of hepatocytes, These canaliculi lead
tes the bile ductules, which then move all
deactivated sludge and debris inne the gall-
Bladder.

IF the body s unable 1o detoxify these
compounds, the active toxins can boild
ap ineo the bloodsreeam and rissues. This
can produce anorexia, weakiess, weight

Inss, vomiting, and diarthea, Forther spe-
cific rtoxins can  penetrane the  cenral
nervols svstem prodocing nearolegie svanp-
tamis such as ﬂeiiurﬁ, acuife Blindiess,
circling, hepd pressimg, and abmormal be-
havior. Meurologic symproms  produeced
secomdary to dececased separic functiocn ane
citllesd hepane encephalopathy. Because this
process 15 stumulated by the absorpeion of
nutrients and improper deroxificarion of
raxins, nearolegic signs can be closcly as-
sociated with feeding.

The liver glso stoees o small amoene of
a carbohydrare molecule called glyomgen,
CGilvcogen is broken down inte sugar when
the Blood sugar stores sapidly decreass and
far has noe yet been mobiloed.
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Tabde 5.1.

Lives Funclion Caoncem of Dhehanction

Risks al patiants weith raliced heparic anctian.

Do fication

Hepalic encepfalfopaty: Meurclge symptoms devedop secondary 1o improper

ditaxilicatian of micealas and loxing, which resdsn in the ok allecting the

cerdml nermus system,

Physcal symploms due do bl of owies and Biliuisne Incrmesed toans can
prndum- ik, anceexia, depeeidion, wamiling, diari, veeaknoss, and weaight

[T

Farmation of baikling
bllccks

formatian.

Anemig; Lack af red blood cell precursars
Mmereassd chatiing ime: The liver produces closting factors. that finalize clot

Hypaathumimemia Due o lack of Blood albamin, tee by can shift fluid feom

the vascular supply 1o the sy, increasing, fuid accumalbation in the body,
producing ascites, edema, and padmonary edema Iwith patents oo 18 ol

Gilucose sinmge Hypoglycemia fmnet

Finally, the liver produces many of the
bardys building blocks necessary for normal
meaincenance, growth, and production. Ir is
vnportant to mote that the lver produces
many of the necessary compaonents needed
foor red Blood cell production and cloming
facrors |see Chaprer 130 Therefore, animals
with chronic bepatic dissse mav develop
L']'I.rl:ﬂl.il.' AITEITL ﬂ.l.'ll'J may hﬂ\'l." Ilﬂ:l'ﬂlﬂd
ability ro clor blood, With this concern, no
jugular blood collection should ever be at-
tcinped with patcns suffering from potcn-
tnal hepatee discase or dysfunction,

The liver also produces & protein
malecule called albomin, Albumin®s func-
tion is oo caery  other  maelecoles anmd
hormones arowid the bloosdstneim in a
deactivared form wnril che body requires
the chemical, In order o move albumin
through the bloodsiecam, large amounts
of fuid mwst be polled from the cissue.
This physiclogical draw of Aued char albu-
min exerrs on the tissue is called onooic
pressure,  Loss of albumin  production
secondary to liver dvsfunction can decrease
Qmcntie pressure, ereasog the amount of
fluid returning ro the tissue. IF severe, large
amounes of fuid accumuolaton can ooour

within the abdomen (ascites), Medical ream
members must be extremely caurious with
haospitalizcd parienrs  with low  albumin
levels an intravenous fluids becaose these
patients have inereased sk of poshing
larger amounts of fAuids into the rissue,
This increases risks of moving fluid into
lung tisswe produocing pelmonary edema
and developuiag fuid overload (Table 6.1},

Diseases of the Liver

Liver disease can mke oy forms, and oin-
like renal disepse, where genecal treatment
apriens nclude fluid therapy, medications,
and hospitalization, medical and surgical
therapy can be exeremely varviable depen-
clentt i the type of liver disease present, In
many ¢nses, fnal diagnosis of liver dissase
miust be based on liver biopsy,

infectious Liver Disease

Viral, bacterial,  fongal,  and  parasioie
pa.rhnﬂms can inl:n:r :|r.|n.'| 'in'l.'.'l-:lc mekrrial
liver rissue, producing acute or chronic dis-
case and debilication.
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Inflammatory Disease

Hepatitis is the activation of the immuone
system by some forcign antigen within the
fiver. This anmtigenic samuolation produces
an influx of whire blood cells through a
healchy liver, causing damage and icritarion,
Inflammarory disease can be acure, chronic,
o cnd-stage (cirrhoesis),

Cancer (Neoplasial

The liver is both the sie of primacy cancer
and a common site of secondary metastatic
clisease |Figure B4, Some commuon canoers
thar primarily affect che liver are heparic
adenecarcinoma,  heparic  cholangioade-
nacarciiom,  viphama, and oase cell
Eradnr.

Metabolic Disease

This formt of liver disease occurs as inert
compaoands buildop within the lover, de-
SRy ing the normal architecture and liver
funcrion. Common metabolic diseases of
the liver include heparic ligidosis and amy-
Loudisis [proseind,

Hepatic Lipidosis
This disease syndrome ncours commaonly in
the cat and horse (ponyl when these ani-

flﬁuhl'u. Irrwage al o liver with’ primary i or ot
melanipsie,

F|H’|.IH'E.4. Imsage of & liser) iedilieoed by Large
amuoagtyal Tl thepalic lipidosis,

mals have a disease encity char produces a
profownd anorexia. The animais shung lange
HERIERTR]E ] 4 “F Iil.t ill“:l t]'l.l'! I.i'l:'l.'l.' Biw boaaes Fi!lrllil it
EAEDE SLgar. The mgvement of Fat ingo the
liver s so severe that normal liver archi-
recture and liver function can be affocred
(Figune 6.4

Amyloidasis (Profeink

Amyloidosis is an accumularion of an inert
propein in the biver, which can choonically
clestroy normal liver eisswe, The buldep of
this abnormal protein s most commaonly
seen in the sharpei breed, in which amy-
Toidosis can be aseocianed with kidoey and
liver disease and inflammacory changes in
the jaint capsule.

Toxin Disease

Because the liver is the mapor deroxifying
argan in the body, rexins can damage nor-
mial liver tissue, which affects funcrion.

Portacaval Shunis

In some pavients, 3 small Bloed vessel,
called & :|=|'||.||1|;I can occur From the |'||:|rr:||
vein o the caudal vena cava, producing
a bvpass of blood flow ground the liver.
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F|ﬁ|Jr'|" BF.  lageation of ai exifhepanic $uant. e e e ¢

an Thp b, The gt Sein ik icamally i rhs

live=s, In The illusiration an the righis thene is o s vessel That Bugasses The liver dshunts allesang, he movement of

bt Bk noemial Ciiculaliom proe e 10eer met b,

In thess |1:|I:i|.'|:|t-:, Bl posing |1}'|1:|'.:1 il
liver and enter the peneral bloedsrream and
progluce severe neorolmgeal and sysremic
signs, Shumts can oocur as a congenival de-
fct or as an acguired disease and can ocour
within the lver [intrabeparic) or oueside of
the liver [extraheparich (Figure &5},

ldentifying Liver Damage vs.
Hepatic Dysiunction

Writhin the liver cells are eneymies char func-
tion 1o change or produoce speciic body-
I'I'.IiII.IIIL_I.'., l':]rn.']-:i nr |:|rr||'-::||":.-' L b [ |.'|'|l\.'|1l||.'.l.|1
iri the body, Clinically, we evaluane the fol-
lowing incracellular eney mes:

o Alamne amrokransierase [ALT)

* Aepartate amimacransferass 1AST)
#  Cammasgluiamylicansferase (GG
L}

Alkaline phosphatase (Alk Phos)

Unlike evaluaring kidney disese by oron-
IEOFIng dEnteieg I:m';*"..|1.|.|'|h'r 51, these chim-
cal diagnostics do not represent a buildup of
pevim but rather normal enevmes praduced
within the bepatocyvres. Mormally, a specific
level oof ech enzvine keaks fromm the hepato-
cvie intn the blondstream. Acore ranma o
hepaseytes can produce sharp elevations of
liver eneymes by leakage of engymes our of
the damaged heparoeyee o the blond ar
I'I} |||.|.'r\-.'.'|~:|'|:| pncull:l..'r:lnn IZFF IZ'I1:l"_I-'I1I|."\-\. Frﬂll.'l
chromic stimulation or icoatien, Increases
i these liver enzymes suppost liver frauma,



In: [2P
clif

BLES 55 Bnsenteld

April 12, 20740 Vel

Trim: 24dmmi= 17 2mm

Chapder & Liver Cliekcal Diagnostics and Dhscase 99

but they do noc always sumgest liver dys-
funcoion. However, with chronie to cnd-
stage dicase, thare may ausagh hepatic en-
rymes within the blondstream to produoce
marrmal Bbosod levels i climcal tesnng, b
the liver may oot be functional,

H|:|'l:'|1-::-\_':rh.':~ alan |:lr-:|-|l|.||.'|.' clernicals
called hile aads thar help to emulsify far
within the small intestine, Bile acids are
stimulated when che patient sats, Bile acids
thenempry theough the gallbldder and inro
the commen bule duct. ARec far s emulsi-
fied, bile acids are then r,j.[:'in;".:.' resybsnorbe
b the small intesrine.

Clinical Diagnostics That Identiiy
Acute Liver Damage

Alanine Aminofransferase (ALT)

Alanine amimotransferaes (ALTH is reEpan:
sible for the conversion of 2-oxoglurarare
Ly Pyruviate A ,!,',]ul:n'llrlh.' il the liver cells
theparoeytes), Althongh blaod levels of ala-
nine aminetransterase can vary from lab
tix Lakb, normal ALT levels are generally as
showen in Clart .1,

Charl .1
Canine | 30-40 [UL
Feline 2E-Te T

The following sections review pattermns in

the ALT level,

Livw ALT Achivily

Lonw ALT aceivicy is noe geoerally associared
wirth disease congditinns,

Inereased .-'1.1,:lih1'|1.' af 1k Enr1l,'m|,-

Incresased activaty aof the SIS I thi
Blogd occurs when there are alrerations
in the lipid membrane of che hepatocyres,

secondary o injury,  inflammiarions, o
wfection within the liver. The increased
blocsl levels do not imiicate the sevemiy of
the damage o the hepatocyies or degres
of reversibiliey of the discase process,
Further ALT activiey can also be increased
!-i!!'l.'l:l:llil.u'l r:l-' Cin [ I'I.':' Fi)ll.ll'l.‘-ﬂrlﬁ:

#  Chronic vse ot anciconvolsans, sceeoids,
anl orher driogs

#  [hysical traoma

#  Cardine disense

Aspariate Aminofransferase (AST
ar S0 T

Aspartate aminstransferase (AST] is an in-
cracelular enzvme in all cells, bur it has
higher levels of activity 10 muscle and liver
cell damage, Although Blowd levels of as-
pariate aminotransferase can vary from lab
rar laby, mormal AST levels genesally are as
shown in Chart 6.2,

Chart 4.2
Canine | 5-55 I
Felinge 5-55 ILIVL

The f13||l.lt'.-i|'||.'. SECTinng feview pamerns i
the AST level.

Decreased AST Aclivily

Lo ALT acmiwiny is not generally assacianed
with disesse condibions,

Increased AST Activily

Asowith ALT, AST bloasd levels ta the biloodd
aocur when there are alteratons in the lipi
micmbrane of the hepatocyies, sccondary to
injury, inflammations, or infection within
|.]Il\.' ]i'«'l.':- TE'I'.T i.lll.'ﬂ.'i].\l..'\d I'IIIJ':H] II."ﬂ.'Ih IlLl 1ok
mdecate the m.'ﬂ:l"ll:]: af the du.m.lu:u tir the
heparecyres or degree of reversibility of
the disease process. Further AST activiry
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can alse be incieased secondary o rhe
ferlloweng;

o Dhsease thatatbocrs che muscular skeleral
SYREEM (g, ETIETE O SekEure)

s Dhsease laloiond
cell destruction [ . immune-medipied
hemedwric anemia) because thene are sig-
nibeant levels of AST in red Blosd cells,

I:I:h'l'. |'|I.'II|:||.I|.'|."'| n'-:|

Gamma-glutamyliransferase (GGT)

Ii,,an||1|n-gl.l:lr.1|11:.'|rr;|1|1'|'|,=r.1 £i= 15 ITMM0E G0 A0-
dicator of gallbladder abstruction or lack
of bile flow. GGT is an inceacellulas en-
eyoe respamisible for clegving Cenminal
glutamyl groups from one substrate or
malecule to anather, and i is thowghs to be
involved in parhwavs wsed o prorees cclls
feom exidarive wjwry, GGT B present i
all cells except that it has higher concentra-
tean an renal u;:-irhn.'-||..'||._ hile duct, and hq'p-
atic cells, Although Blood Yevels of gamma-
glutamylerinsferase can vary fromn lab 1o
Lab, mormal GGT Levels are genenlly as
shown in Chart 6,5

Charl &.3%
Canine | 0-10 TWJL |
Feline | 1-7 /L |

The following sections review patterns of
Ll rT Il"'.'l'l b,

Decreased GOT Activily

Liver GO aemiviey is nor generally associ-
ated with dissase conditions.

Elevations in GGT

Increased GOGT activicy can be associared
with decreased bile How {cholestasisl. Fur-
ther, (GT can wncrepse with hiver |:|:||1|:|ﬁ|'
that produces cholesasis, Unlike AST and
ALT, GGT does nor “leak™ from hepato-

cvhesy its acriviry s inereased doee ooin-
cressed production (induction) of the en-
EVIme i respaonse o disease,

Alkaline Phosphatase (SALFP or
ALP)

Alkaline phosphatase is present within the
Hver, intestine, bone, kidneys, and placena.
(i manst chemastry panels, alkaline phos-
[FGECE S ACTIVITY Pepresenl s the combimed ac-
rivicy of all combined vissue alkaline phos-
pharaee levele, Altheugh bloeod levels of al-
Ealine pliosphatase can vary from lab o lal,
nermnal ALP levels are generally as shown in
Charr G,

Chart dd
Canime | TO=150 LI
Faline =62 TV

The fullnwing sectinns review patterns of

ALP

Decreased ALP Aclivity

Liow ALP activity is mar geneeally associared
with disease conditions.

Incroased ALF Activily

High ALF can origisaze from discases and
nondiseased conditons. Sionilar oo GGT,
ALMS  acriviry  increascs because of in-
creased producrion of the eneyme (induoe-
Leaf} kb respuidiae B disease. The follow-
g are somme condidlons thae imerease ALP
ACTIVIEY

Hyperadrenocarticizn:. Although oo i spe-
cific test for hyperadrenocomicism (Cush-
ing s discase, see Chaprer 110 chronic
proddocrion of adsenal cortisel (sceroid)
increnses production of alkaline phos-
p|'|.1'r.:~:|'. |"|:|r|:h-e'r. thee admimisiranon oF
oral corticostersicls can cavse inereassd
ALP acrivizy.
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Liver and  Galllladder  Disease. With
chronie hepatic or gallbladder disese,
incremses mOALF production can be oh-
servied.

Lowug-terrn medication. Patients on specific
long-rerm medication {eg., pherobards-
tal, predoisone] can imerease prodoction
nf ALP,

Bavie groweth, Rapid changes in bone (¢85,
grovwele, bone cancer) can inerease blood
levels of alkaline phosphagase from pro-
duction within the bone.,

Clinical Diagnostics That Identify
Liver Dysfunction

Liver -el:.-qr'um-ri-::-u 15 doe o scune or chronic
damage to liver tissue affecting naormal
produection of liver compounds amd bep-
atwe decexibcarion. Determmugg whether
the disease is acute or chranic is noet ps im-
HMTANT &% determimi T whether there is |'||,:p-
aric trauma ar, mare impontantly, heparic
dg.'hfum."l.il:lll. The (ol |l.rwi:||;; LR id-\.'l'.lil':.'
chemistry parameters thar suggest liver dvs-
fun<rion.

Biliruhin

Bilirubin is & roxic merabolite prodoeced
from the red blood cell deseruction in the
spleen and the breakdown of hemoglobim,
As red blond eells age, they are re
mioved From circulagion in the splecn, Irsed,
and the iron molecale removed from the
hemogloban molecule 1o be used again, The
rE A Ining chemmical s bilicubin, which s
mioved o the liver to be deroxified and ex-
creted 1||.n::-u!.'.|'. e _g,:l.||}‘.~|:||.'||.||.':r. J'|.|.I|1|.|l.|'l.‘;|‘|
Bloasd levels of balicnbin can vary from lab
rex laby, normal levels are generally s shown
in Chart 6.3,

Chart 6.5
Cantne | 0,0-0.6 mg/dL
Feling {L0=04 mgdl

The bBuildupr of biliribin in che @oum
amd Baaly 0 asociation weth liver dis-
ease indicares liver dysfunction, However,
it should be noved char although parients
thar are icreric secondary o liver disease
have liver dysfoncion, nor all panents
vath hver :lyxfuncl:i-:rn are ncterie, Further-
minre, increased levels of Rilirabin also can
b associared with increased inteavascalas
vl Blood cell destroction (e g., immune-
meciated hemolviic anemaas) or gallbladler
crhsETITInn.,

Blood Urea Nitrogen (BLIN)

A Lo BUM level can be associated with the
liver's imabilicy to take ammonia malecoles
and produce BUM. When elseved on clin-
cal diagnostica, i may suggest a liver dys-
function, A fme BUN by iself does nod
always indicate lver dysfunction, Low.
protein diers can aleo cesule in a low BLN,
Although Blodal levels of BUN can vary
from [al o lab, nocmal BUMN levels dre gen-
crally as shown in Chart &.6,

Charl &b
Canine | 10-26 mghdL
Feline 1534 mphdL.

Alhumin

As discissed previonsly, albomin is a small
ciarreer rl:l'llrl."ll'l r|1i|T ]:III1I:|": P b ] I'Ii:ll'.||1lll:ll."'1
and other compoenents in the bloodstream
tor maimtain and move negessary elements
throughaur the body, Deceeases in blood
albumin concentration cin scour generally
with @ mumber of discase svadromes that
affect production or loss of the proosin
mckecnle, A decrcase in funcrisning heparo-
cvtes will compromise the Livee's ability o
FrIII:I'IIL'{' .L”"I:II:I'III'.. n"'l"i -] !{,I."I'.E'F.I.I :I'IIIH.'.\. Ar |-:'r|1r
Ta% of normal liver function muse be lost
Betore albamin concenteation is decreased,
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When acributable to liver disease, hiypoal-
buminemia can be an indicator of altered
liver fumeceron. However, low Body albwnin
can alse be associared with kidney disease
(see Chapter 51, bleeding fsee Chaprer 14},
and inrestinal discase {see Chapoer 71 Al
thouwgh bBlogd levels of albomin can vary
frim lak to lab, normal albumin levels are
generally as shown in Charr 6.7,

Chart &7
Canine | 3,1-4.5 gidL
Feline 24=4.1 ghdl,
Bile Acids

Mg discossed previously, bile acids are ex-
creted i respodise 1o s to help emulsiby
fat. I liver disease, bile acids are noe prop-
erly reabsorbed and represent a true liver
dyvsfuncrion. To evaluare bile acids, the pa-
teent s Fasted for 12 hooss and a baseline
lewel af bal= acids are drawn. Then the am-
mal 15 fed a high-energy food, and 2 hooars
larer another bile acid level ic collecred. In
an animal with liver dysfunction, prefecding
ipreprandual] bile acids are high and post-
feeding (postprandial) bile acids are even
higher, Although bile acid levels can vary
feom lab to lab, nosmal levels are as shown
iy Clart £.8.

Chart 6.1t
. Prepramdial: 0=5 pmolL
LI Fostprandial; <25 pmaol/L.
Feling Fn:praTldin_ll: (=5 pmolil.
Postprandial: =15 pmaoliL

Hepatic Clinical Diagnostics

Becanse lver disﬂn::_ trawma, and drnl:llr.u;-
rion can ke difficule e evaloane based on
Mood work alene, the medical team must

also evaluare the history, physical exam-
viraticn, and other diagoostie asds, There
are many potential forms of liver disease;
bload work can appear normal and there
can sill be significant liver dvsfuncrion, Fus-
ther, climcal diagnostics and imaging alone
are obten oo sufficient to di.lEI'II:H:-I: the cause
of the liver disease preseor, I the medi-
cal ream determines thar heparie dysfunc-
ton s gocurring, @ liver biopay (fne mee-
clle, Bissue Diopsy, or core blopay ] may be
recommended oo obrtain o fimal diagnosis
and help outline oreatment provecols (Al
gorithm 6.1 Overall, a clinical diagnasric
evitluation fora hupzl:i.-l.' |'|u|:i.en|: may el
the tests descrbed in the follaaang sechions,

Complete Blood Count

Components of the complere blood count
can vary depending on che form of liver
disease; however, general trends should be
nronstored for red Blood cells, white Blood
cells, and platelers.

Roed Blood Cells

With chronic waning disease, chrome ane-
mia may be present secondary o the
Lack af procursers for cellular companents.
Chreoiee liver diseass also can affect the pa-
teent’s ability go clor blosd, With signibcant
anemia, plateler number, clotting rimes, and
a blosd Alm should be evaluaced oo deres-
pitine whether the patient has a nonregenes-
ative arermia vs, chromc hlq.gdl.nﬁ COMBCECTS,

while Bhooed Cells

With comcerts of infectiows disease, changes
in whire blond cells should be evaluared,
With cerrain forms of cancer (eg., heparic
lymiphomal, whine Blood cell elevarions can
b severne, with extremely abnoemal cveol-
oy and high white blood cell. & blood
smear is always supgested with sick ani-
mals oo better assess cell morphalogy (red
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Blowdd cells and whice blood cellsi as well as
plareler mumbers.

Plateleis

With concerns of decreased q_'|-::-1‘.i:||g Factors
and am inability 1o finalime the clotring pro-
cess [coagulopathy), platelers counes shealcd
alscr be closely menitored, Amimals showld
b cirelully assessed for Touising, and jogu-
lar sercks shiould mst be artempied af there
concern of a coagulepadhy,

Chemistry

As discussed previouslv, blood work on g
routine chemistey can be extremely vareable
'I.'-l'lr:'l A lICe O n_'|'|r|1|1|.q_' I'.'-'I."r I:IL'\-\.I.".-i'\-i-E'., Plarea-
caval shunts, and pesplasia. The medical
cstm s responsibilivy s voooey o ddencity an-

v WAl o Lol ol Tl a2y

changss.

irmals witl liver damagpe or chronic disease
and ey o asses hepatie funceEon.

Coagulation Screen

Evaluating closting rimes—activated clie-
pimg, tme (ACT], parmal thromboplastn
time {PTY activated pamial thromboplastin
mme [APT T —can help derect carly rends
af the patient’s abiliny 1o clor Blood (see
Chaprer 14,

Abdominal Radiography

Abdaminal cadicgraphs can help assess fos
changes in heparic size and shape, evidence
of ;11',.|||':.-|.'H:|d|':r For stomes If-.'.]1|:||u|i|:|.'n:|.. ancl
any ather changes in the abdomen that can
sLEesr serioins dissse,
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Abdominal Uiltrasound

Ahdesminal olrrasnund can assess che inrer-
nal architecture ot the abdominal argans
firr Clanges suggestive of focal oe diffuse
hepatic disease, changes in the gallbladder
'l'«l'.i” '\-il.l“l{\.'"i'u'\.\.' I1:|. II1:|.|_'|.'I;i|:I-1I Ll n::-IH.J; rl,II.'I;il:HI,
and idenrification of asbnormal blosd ves-
gl rthar could SumEest 4 ]"r|:lr|!;.'|L:1'|'_'|'. shiant.
I is mnportant o mee that changes i lep-
atic architecinre can only suggest focal or
diffuse disease and rarely helps the medi-

cal team confirim diagnosis, Cellulag oe ris-
sie Blopey s possible through wlirasead-
putded biopsy technigues,

Exploratory Surgery

In some cases, when ultrasonic  bispsy
of fine needle aspicare s nondiagnostic,
exploratory o lapamscopic surgery and
wedge or oore Bopsy of the liver may be

nieeded.
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Pancreatic and Gastrointestinal
Physiology and Anatomy, Clinical
Diagnostics, and Disease

The: |.'.i'l"i|.?||i|'l||.'h|il!|i'l| system i i tubular EhER
temn running from the ammal's mouch to s
recoum (Figoee 700, Several regions wichin
this swsem have been specialized o help
Break sown and absoch nugreents, reabsoch
water, and excrete toxins produoced by the
I\Zil;ITll_"'!.'ﬂ and liver, The mouth, stomach, and
sely small investine (egg, duodenum and
||.'iU|'||.||:'|'|_I furictioa ta break down the food-
stuff and absork notmients, The lower -
cestine fifeum and large colon} is respons
sible for reabsorbing water, forming fecal
miareeial, and producing a source of warer-
solulile viknming through fermentation in
miost domestic animals.

The clinical diagnostic testing of the gas-
crointestinal system is wrilized when pa-
tients are having problems oo digesting
foeind [ malehgesnion} and absorbing norri-
ents (malabsorprion} and with concerns of
incestinal Bleeding. As discussed previowsly,
pateents with concerns of chronie meestial
clisease st be evaluated based on theer
|'|'i'\.1'|1r:.', phvsical exam, 4_'n111p|;_'r|_' blestsd and
wrine diagnostics, fecal examinations, and
advanced tmaging (eg., radiology or ulica-

hI.II'II.IFI.'i'I]:II:l:u':I. Howiever, ther ur\.ﬂi[:.:\.'ifi..'di-
agnostics mdicared once intestinal disepse

has been identified,

Maldigestion/Malabsorption
Syndrome

Fatients that have decreased abiliey o di-
Eest aned absork nustrients often [resent with
vomiring, weight loss, increased appetine,
and soft cow-party steols with o witch-
ot the presence of thick, sy, digested
Blood (melena), These panents can develop
the following changes in their clinscal ding-
MEESEiCs,

Alburmin

As discussed previously, low body albumin
ihypoalbumercnrial can oocur secondary 1o
Bleeding, renal disease, and liver disease,
Fatrents with malabsorprondmaldigestiion
disease |e.g., inflammatory bowel discase,
Iymphangecrasia, intestinal neoplasia) can
hl'l-l' ':IL'l"II.'Ii'::ll'.\ i||. i'h'll.'l:lliu.l. ill'lli:l'::l il!'.'id.'-

LELE
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Flgur\t L. lbusadian of ihe gasirainiesiinal syekoemn,

and prorcing, producing hypoalbuminemia Chart 7.1

(protein-losing enteropathy ). Patiens with Cit i1k 3.1-4.5 gidL

a persistently Low albomin levels should be

evalugted for chronic h-||_'|_~dinﬁ, renal loss, Feling: 2.4-4.1 gl

liver dysfuncriom, or chronic gastesinesi-

nal disease, Alehoogh blood levels of al- Blaood Folate Levels

bruimin can vary froon lab o lab, nermal

albuamin levels are generally as shown Discascs that can atfecr chronic digsstion
Chare 7.1. can alter mormal gaarcintestinal bacterial
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populations and decrease normal bacre-
rial fermentation. This change o bacte-
rial populations can lead to overgrowth
of other pathogenic bacreria, which can
make gastrointestinal signs worse, Further,
with chronie decreased bacterial fermenta-
tigin aned |1.'|'r|'||:|g_|.'|:|:|.: hactera |1w:rg_r|1wr|'|l
the production of the B vitamin folare de-
creases. Low blood folare levels can help
supprort the diagnosis of chronie bl
clisease. Alehough blood levels of folic acil
can vary trom lab o lab, normal levels are
generally as shown in Chart 7.2,

Charl 7.2
Canine 6.5=11.5 ngtml
Faline 9,7=21.6 ngml

Intestinal Bleeding

In patients that present with chronic tarry
stoal o Blood womidng  (hemaremesis),
caneerns of chronic intestinal wloeration
and bleedosg should be explored, Gastroan-
testinal wleerarion can occur sccondary
drug inceractions {e.g., Monsteroidal an-
viieflammarory drogs, steroids), ulcer for-
miation, tumors, or disenses that prodoce
chromic |.1I|.-1,-:n;|'in|.|; 'prcrblrms. Tex |'u=|p| deter-
mine whether the parient has chronic in-
cestinal bleeding, the medical team should
evilwate the diagnosties in the following
sections,

Complete flood Count and Blood
Film

Patienes with chronic intestinal blecding
prescnl mildly apemic with evidence of re-
generation in their Blood flm. Team mem-
Erers should evaluate blood Blins for aucle-
ated red Blood cells, recculocyvees, Howell-
Jolly bedics, and polvchromasia, which
help to indicate thae a regenerative ane-
PRI B (OCLICTEN {Fig_u:rl.' '."'.lll. [t is ilnpu:rr-
tant to note thar the only rae hallmark
of regenerarion is a reticulocyte count; the
arher changes noded above belp to support
evidence that o regenerative anentia s oc-
curring. With chronic bleeding, a decreased
platelet (thrombocyeopenial count mav also
be abserved.

BLUN and the BLN/Creatinine Ratio

Bleod thar accumulares in the intestine sec-
caudiry to ulceration s digested and ab-
sorbad like any other nutrient, Digestion
af red bloed cells increases the amount of
bady ammonid, which teen prodsces an in-
creased BUM level (see Clhaprer 51 By com-
paring the amount of BUMN w0 creatinine,
this ratio can supgest an increased produce
rion of BUMN thar is nor associared with
glomerular Bleration. An elevation in this
ratig 15 not an absolute indication of -
testinal bleeding becavse other factors may
also increase BUN |e.g., high-protein meals)
without affecting creatinine levzls,

Figure T.E, Evidence of o mpereration aremass (@) nucleated red Blood cells, @i reticoleeyies, () polychmeosia
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Afbumin

As discossed previoosly, hvpoalbuminemia
cian alse be obseoved with cheonic bloeding,

The pancieas sits in the crantal abdsmen.
The right fobe lave Beral oo the doode-
nmum exrending from the middle part of the
right kidney to the pyleds region of the
stomtach, The left lobe lavs caudal 1o
the stemach and perpendwular o the doo-
cleram (see Frgune 7.1), The pancreas func-
tinns both as an exocrine and endocrine
organ. Exocoine plands, which play an
inportant part e tormal body functions
(b, salivary gland, sweat gland, mammary
|.|;|,,an|:|fl. secrere chemicals :hr\-::-l:q.xh b T §
network, The pancreas seceetes two cn-
avies, lipase and amylase, thar aid in the
breakdown of feodstuff. Amvlise deaves
large supgar molecoles ot smaller single
sugars, Lipase breaks down far into smaller
molecules =0 that they can be absorbed by
the intestine. Lipase and amylase are pro-
cuced i respaasse to mggestion of food asd
water and production of hydrochloric acid
by the somach, Both enzymes are critical
Lir thee eligestive prooess.

Endocring glands secrete hormones di-
rectly intoe the bloodstream char affect acher
organs in the bady {ie., pitwitacy, thyeoid,
sex organs). The endecrine pancreas pro-
duces insulin ard l.:ll.u:agl.lll.. which |1|.'||.'|
maintain noarmal blood sugar levels, Insulin
ie released in times of increasing lood sugar
per stimabaze the conversion of sugar o
glyvcogen [lvver) and fae Glucagon s pro-
duced i response o lower blood sugar
levels to stimulare the conversion of glveo-
gen and far back into glucose. Inswlin and
p.||.|.-::'|;.1|:r|l ane |:lrl:rd.u;.'|.'d l'l}' "\.E'IL'L'iilli.l'L'\d. re-
gioms of cells called the islets of Langerhans
iFigure 7,30

Pancrearic disease can affect both the
exocrine or endocrine components of the
pabcreas, Common  pancreatic exocnioe
disepses are reviewed 0 the r-n||-::-wi11;
sections,

Fancreas

Pancrealitis

Pancreatitis is an inflaimmarion or infec
rion of the pancreas, poodocing a leak-
age of lipase and amylase one the organ
'\-I:Irl:a'll.'\.'. TI'II_' :I'I_'I('-'I'II." I:||'- r|.'|-.":|'- CIEFITIS I'll_"
gins an autodigesrion of the pancress re-
sulting in worsening inflammation, severe
wlvile by ilIness, and the potemial for sec-
oststary organ disease (e, kldwey and lver)
and infectinn (sepsisl. Classicallv, patients
present with exvremely painful abdomens,
experiencing vomiting and diarchea, and
t.-:'r-:'n'~|}' |:||.=J13.'|:| rutecl. Further, iF the swell 1mi4
15 severe, the gallhladder ducrs that empsy
through the pancreas and into the small in-
restine can become obstrucred, producing
findics and secondary hepatic dis-ase.

Fancrealic Exporine Insulficiency (PEI)

PED s a rare congenital or acguired dis-
gase o the acinar cells resileing i a lack of
progluction of exocring pancreatic enzymes,
These animals soffer from a severe mal-
:'|l'lM:lr]‘&-Ii-::-li"ll:'l;J|di|!.|.'h|i1:l|'| -.}'l'ld:rl.ul'u.' because
thiy are st abde oo digest normal mero-
pmis. Fatienis |_|'-.|_1.1|I:.r.1|1[||_~._=|r1.'|,~r}' happy and
emergetic, bur are very thin with decreassd
muscle mass, ane alwavs buagey, and ave
sewere edw-patty diacchea. The congend-
tal disesse 15 seen mos commonly in the
Cierman shepherd breed, The acguired dis-
paee can often oceur after severe chronic de
SIPUCLIVE prancreabisis.

Pamcrealic Tummors

Pancreatic tumars are rarely seen in the fe-
g and cambe, closely mimicking pancre-
atigis, Farients present wich chronic vom-
iting and diarchea, abdominal senderness,
dehydrarion, and depression,

As with liver disease, climeal diagnos-
tee I'\III:HZII‘I \‘-'I:lrk s i Iu'lfl.'.v!' T.\.i:l'r 1:lF I:J'H' IIII'
agnostic protocal; however, in the case of
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Imbata al Langss hanm

F|HII.IH' TA. Small secram al the pame o shdwng, e pancrealic smar cells, which prosuce Bguse and amig L
fexaonnel and the mlet of Largedhacs dercdosninel, which produces insolin and glucagan

pancreatinis, basehne hlood work may nor
indicare the severity of the syndrome and
aften Mood work is noncondusive, Clinical
diagnostics for the exocrine pancreas can
tclucle those reviewed dnthe I:vl'r|||.|1.-.r.i|'|g sec-
rons,

Complete Blood Count

Dependent on the discase and its acureness
ar cheoncity, chairges tnthe complete blood
cont gan be vamable, The following sec-
rions review changes thar can be noticed,

Pancrealilis

With acute discase, debydearion can pro-
duce clevarion in the ved Blood cell counr,
Further, secondary o inflammation or in-
ﬁ--:ril:lucrl.r rlc-\'rlﬁn:mq n I.']1.|: wh:irc Hnl:u:l 1;-¢||
count can be obeerved. As discussed previ
cuisly, ceam memberes showld evalwane blood

smears for increased numbers of imma-
rure neutrophils (kands), These patients can
have a normal white bleod cell count ini-
teally, but the incresse in bands can neflect
acuke i.|!||"|:||!||:|l'|il:|:'|:r:|r ar tfectiong challgg:
iFigure 7.4). With chronie excerine pancre-
atic disease, the complete blood count can
bz narmal.

Pancreatic Exocrine Insufficiency

Generally, the complete blood count can be
nermal with parients whe have PEL

Pancreatic Tumor

Animals with pancecaric tamass may pro-
duce chronic {ronregeneative]l anamia doe
ter the prq:ﬁr:'-.ssiw disease C\'I:II'ISIII'niI.'IH_ pre-
cursors necessary to produce normal red
Blood cells (anemia of chronic disease),
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Unasgmanted
Huglaus

4™

Fink Cytoplasm

Figure 7.4, Image of an immabee reutiophil thandi, Band nedtrophils can be identilied by their onsegmented
sl eus, pink cvoplasm, and vident vacuoles, Increasiog levels of band peutiophils can sugpest massive whobs
beschy il licen enven before incmgses. in the folal while blood coll courd

Clinical Chemistry

With pancreatic exocrine disease, parients
may  have severe disease ewident, and
changes tn the bloed chemisery can be
mrran

Pancrealilis

Canine

Evaluate the serum. Team members shovld
bBegin by evaluaring for the peesence of
lipemia, which cin suggest alered  Far
maeti balisa,

Amylase, Increased serum amylase can be
a supgestive indicavor of acure pancrcariris
i the camine, 10 nar helpful in evaluation
of feline pancreatitis, Althouwgh blood levels
af amylase can vary foom lak o lakb, normal
levels are generally as shown in Cham 7.5

Charl 73

Canine | S00-1500 1L/
Feline | 300-1500 UL

Lipme. |n|;r¢.'|::r.|:| EETLIM “pﬂ!{! AT ]‘.-: @
supgestive indicator of acure pancreatitis is
che camine, Tt is mst helpfal in evaluation

of feline pancreatitis, Alrhough blood levels
of Lipase can vary from lab to lab, normal
bevels are penerally as shown in Char 7.4

Charl 74
Canmme TO=5008 LT,
Feline I0=155 ILUL
Feline

Bleod chemistry and serum can be com-
p]l.'l:l:]:r agrmal even with severe disense,

Pancreatic Insufficiency

Chemisory resulis are generally within nos-
naal listed parimeters,

Pancrealic Tumor

With rhe concern of pancreatic cancer, li-
pase and amylase mav show significant ¢l-
cvations in the coutine chemistey. It s dn-
prrant to naste llut a mormal Hp.;sl: ancl
amylase level do not rule out the possibility
of pancreatic cancer.
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Trypsinlike Immunoassay (TLI)

TLI 1% a blowed cest that alloows the medcal
ream oo assess the levels of trvpsing & prore-
ofvtic enevme o the body char is acrivated
by nermal pancrearic activiry. In vhe caning,
increased TLL levels can be suggestive of
I.'J'I g 5 [ ]'.\.-i:ll.'rl'.l.rl f1s Or |'|i||'||.'r-€'|'|T|I.' iy [ f ] ol ]I:I
the canine, decreased TLE evels suggest lack
of lipase and amylase production steongly
inclicating PEL

Canine Pancreatic Lipase Inhibition
Test (cPLI)

The cPFLT s used as a sereening rest bor pan-
creatitis, Pancreatic |im~.;_' inhibitor levels
increase deamarically, suggesting rhar pan-
creatie mflammarton and reritadion ane oe-
curring. There are o noted changes in cPLI
levels with PED or pancrescic tamar,

Blood Folate Levels

Ac discussed previously, decreasing levels of
forlare can suggese altesation in normal bac-
terzl syorhesis u the gastromrestinal sys-
tem, which can sepport a chromic inflam
matien of the pancreas and gastrointesri-
mal svaremn. This test s often wsed with
other clineal |:|'i:|g:|1:-'.ti|: besk T |1|.'|.|1 cithirm
chromic pancrearifis,

Radiology

Although difficult oo interpret wich abdom-
inal radiographs, appearaoce of the pan-
creatic region amd  positton of the dwo-
I:II."I'.I:II1I may 'k.ll._l.'.ﬁ_l"\-ir |'r|]:|rﬁ|'|:|:|e'r||: 1:IF |‘|1|'
pancreas due to inflimmarion or secondary
infecrions.

Ultrasound

Ulgrasound studwes of the pancreate region
ar: am important diagnossic indicated in
gvaluating changes in the pancreas thar sug-
gest disease, absosss, o cancer. Further,
vltrasound-guided hoe oeedle aspirates can
be helpful m sdensifying pancreanc disease.

Secondary  disease concerns due o
diseases of the exocrine pancreas oocur
largely as a resuls of severe choomnic or acute
AngTEativis, Wwith AT TEaTIcS, thie sEvere
whole body  inflaimmarion and  possible
spcondary intecrion can produce condirions
revicwed in the I'l.||.|-:a-wi|L!.'. PRI | i
Algmrithem 7,2},

Renal Failure

Renal damage oocurs as delydration from
pancreatizis prodoces decreased Bloosd Sow
through the l:in;ln;-:.'q._ presdpcing; hvparen
sion amd decreased glomeralar Alovation,
Decreased glomerular Alteation (see Chap-
ter AF cises 3 oworsening axdotemia and
winrsens dehydration, which can develop
iritir an acure renal failore,

Gallbladder Obstructiion

1lll:llirh SO 'i"c'r'\.'l]i 5L kT |.|'|t.|'l.'ti|.|1| ':FI: rl'll.' frin-
crieas, the bile docts, which empty ince the
intesring theoogh the pancreas, can be oe-
cluded. The patiene will stam oo become
weteric amad weak as toxins From the aall-
Bladder cannos empty into the small fnkes-
tine. This change significs a worsening in
the condition and prognosis,

Hepatic Failure

Continued  debvdeagion, decreased  hlond
flowe, amd potential secondary ascending
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algnrithim 7.2
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. Increased YW BC {inBammertion or infection}

Bhood film: incressed hards
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= liwreasing sixbomasa] pern
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infecrion From the PANCICas Can proeGuce
a sccondary hepartinis, Acure heparic dys-
furcrion can lead o decreased clonmg fae-
revrs, an mabihity o detoxify toxins, and
decreasesd bacrerial dearance,

Melabolic Acidosis

The loss of normal glemerular filieazion, in-
creased haady toxins, and vominng and di-
arrhea [I'I:J.r w2l GELLr 'l'l-"TI'l I-||1|'|‘H..|".'|1;i|:';!'\- CARn
develop a serious metabalic acidosis {see

i la prer 1AL l:'Z|ini|;:1|I'p'I team miemibers ol
idenrity metabalic acidesiz by obseeving a
change in bloed pH (pH < 725 a nor-
I'I'lZII ir :|:_-rr:,-.u.m| [ rr|..1| PressLm: 1:||: I.'.I.FI'|I1I'I
chiode (P02}, decreasing levels of hlond
Bicarbonate levels, and a decreasing base
[SLTRsd s

With chronic pancreatic disease, chromig
desrrncrion of the panceeas can produce de-
srruction of cither execrine or endocsine tis-
L N I T|1I.' :I-IZF" IJ'WI.I'IF. sect iEHI.'h ey il.'"a‘-l' d.ihl.'il.'ul."u
that can AR '-;-.'|1|1|:|.ar:.' [ L F] -\_'I'III1I'I'.|,: RLnere-
atic disease (see Algorichms 7.3 8 7.4,
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Mﬂ,ﬂr"hnl 7.3, Chranic escscrine pancnzali

Ak | pans ialinis —Caning.

-

[hi patical shews sigis of
el UbE N cremtitis:
s {Chroni vomding
i W

& Episoddie weikness

Eight loss

R

L

¥ ¥ 9

Beck clinical deapnosiees:
Senme liprssia (5
LI OBRTETHY] i L
Hoail Hilee usmally Wik
Ry ! L he WL

TL): pisssabde ing reana

Fleand Tolase kevale low

Evalusie milvanced mesdalditie;

lirascoma: chanpes in paroneabo fesaye

IT severe dlsesise s evident. meaabr lar

weganilary goRgeres

7

Thakwte s mellitus:

v Hyperphoamis

+  Linine gliseoss

+  Alkered Ler paryeme=
& AleEned o hedicaeol

?.III\.'II.'JlII.' [t il
wmsublic e ey

& | i
& [hewreased TLL

Diabetes Mellitus—Endocrine
Disease of the Pancreas

Mhsease of the endocrie pancrsis resules
from Loss of production of o lack of
CRSSENE  Mospunse for i|'|n|||'i|1-[:rn|;|'||ci:|§; dia-
beres mellitus, These are theee potenrial
canisies oF diabetes mellinws in e canene and
felime.

Type I Diabetes

Tvpe | diaberes eesults from a lack of in-
sulin prodocrion ciusing inereased glocose
IE“-'I.'I"E iII1|:|.. I RLHINE SAsek, l:-:'rnnn.- FHHEI]L"
tian. As insulin levels deceeass, the patient

trics T pemaye The exoess sugar by excror-
g 0e i the wreoe and maosfocming o oo
far metabolically. The nereased demancd for
far produecrion overwhelms the chemical in-
rermediaries necesary, and the body can
produce only a chemical toxin called ace-
eorrkiz, which 15 o ketoae, Type | Drabetes 15
due o exhapstion of che sl cells and is
SEEMN TGS COrm nmnl'!.' in eanines and nbese
animals,

Type Il Diahetes

Twpe [1 DMaberes b5 prodwced by an in-
sulin resseanee by peripheral nssoe, slowed
|'|:|1|:|||q.'r|-::-||. I:IF i1|1L|J||I.. 4air I‘II'I.'TI'iITI."'\-Ii |'|r|1-
ducticn of insalin. Insulin has decreased
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Alg_nrlthm T Acuietheanic auooing panc

he patient shews stz of acube
pacveiad jids:

* Uhpipes Vomiling

s Waight Toes

®  Chrones dianthize

& Poskilily o sissplams

effect on peripheral tssue prodecig hy-
perglveemia, bur typically this form is not
SeVere q.'l]l.'ll.||:|'| [iw ]"-rl!ld e ketones, -I.-.Ilihﬁ:\-'l'l-
drome 1= musch more commaon in kelines and
if continued chronically enough, these pa-
tienis can become e | dig herics,

Type I Diabetes

This vpe of diabotes is zecondary o a
primary umnderlying disease. Comman dis-
eases that can prodoce diabetes mellitng are
chromic pancreatitis, hyperadrenocomicism
(Cushing™s diseasel, hypemlyrioidism, and
animals on specific prolonged doug therapy
VEL., CAITOEETIS, sterondsh.

{ .III:III.'J] I‘II.-lHHI:I'\ﬂ'II\."\-\. el -IJ-!'I‘I':I'HI 1me w|'||'|:|1-.'r
diabetes is evidenr in the pariens are largely

alic patien! [panciealitissy—ling.

Chogk climdoal dlazwesilcs
®  CBC: wsmlly Wl
A Bl il con be WKL
& Chemisiry: clsingi-s b sy s and
lipase— ncel relsahle
®  LCFLIZT
a  Paasibdy mo chasges in clinbeall disyaasCics

)

-
Evaluste advanced msdalitbe:
o Llrragiead: cldmpes in poe il s
= 1 hoopay
A

.

IT seevere disease s evidenl. maa#or

e secohdary comeera.

* ™y
Lnahetes methins (1)
®  Hypenglyosmia
B LI gl
Al e enfymesi
®  Slbered cholesfern]
L A

focused on blood and wrine samples, Clin-
ical diagnostic changes in the diabetic pa-
rient are teviewed in the rl:illi.l:l'n'i.l'lﬁ ETER T e
{see Algorithin 7.5).

Complete Blood Count

Typically in diabetic animals, there are no
overall changes i coanplere Blood count,

Chemistry

Sefum

Drue v dlecreased abilicy to move sugar into
fat, many patients will have chrane hpemic
weram,
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Bl Sagar

A persisient yvperghveemia {high blond
sugar) is the maost notabic change obscrved,
Srress canalso cavse clevations in bleod glo-
ERIAE LR "«‘-l'\.'I] .rl|||.||1I.I|.IF|.'I I::‘III'.II!I ]'."I-'L'I'- |.|:f ':ill.l'
COBSEE COM VATY from lab o la b, nermal levels
are generally as shown in Charr 7.5,

Charl 75
Canimge &0=125 me/dl
Faline FO-150 mgfdL

In general, the medical t2am shoold be
mose conccined i the parient s & dia-
Betic whose glocose levels ane the follo-
WINg:

Canimes: Glucoa: = 200 maghdl tend o be
atre hyperglhvcemia,

Felines: Glucese < 300 mighdl tend oo be a
rrue hvperglveemia,

Ita severely srressed parkent presenns with
questionzble elevation in blodsd sugar, the
mecical team should recommend el fol-
I.II'I.U'JI'IH =10 18

Chaeck fhe Patient's Lirine

]'.'l'II:II."II.l\_'l' l:il: mriene !.',,]I.II.'IIHI." 5m I:r!'lr\l |:||'|:vr-
mine whether the patient is diabetic. Flow.
cves, it is importan o ne that stressed
parsenes (especially felines) wach Bload glo-
come above 24 mg'dl cin splll some sugar
inter the wrine, peoducing both 2 hyper-
glveemia and low-level glucose in cthe wrine
iglecosurial, The owner should bring in
serial samples of orine collecred ar home
ter determmine whether the pareng has _|.1|||-
cosuria evident in 2 nonstressed environ-
ITIEIn,

Repeat Blood Sugar

epeat che blood sugar testing later during
the visic gnoe the pet has seemed o calm
doswm,

Perform a Fructosamine Level Test

See section en [rcrosamine levels below.

Fiver Enzymes

Mild o moderate elevarions in liver ¢n-
eviies (L, alanine ransferise, aspartate
rramsterasel can be observed with chronic
diaberes, Also scoondary to alvered  far
merabadism, blood chalesterol level eleyva-
tinns can be abserved.

Urinalysis

The eviclence of o perststent glucosuria can
suppaert the finding of hyperglvecemia
confien the diagross of diaberes, With
cerftoeris of T}'|'||.' I diabeses, the -
erice of wrine Eetones Cleetomnes) coofinm-
i the disgnosis of kemoacicdotic diaberes,
THabetic parients alse can develop sce-
citiaty Pacterial bladder infections doe o
the glucosuria eereasimg bacenal growth
of the wrine, These patienrs will |;||,-1.'|_'|np|
pratEnus, hemgrora, and elevanons of
whire blood colls, urinary crystals, and
bacteri evident in the wrine sediment. In
ey cases these wrinare trace iofections
migsf also ke oelimmated e help chronic
control of insulin need in the diaberic
pruLient.

Fructosamine Levels
J"r|.||.'|:4:-'-.|.r|:|| |l g | '\-\.II:I-\'r'I:I-' metn I"I II |:.u.'15| |1| 1 II:I

siggar thar allows the vererimarian o derer-
miitse how the patient is metabolizing body
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sugar srirnes aver the previons 7 1o 10 davs,
Avwmals wath sdgnifcantly elevared froc-
rosamine levels con supgest decreased con-
trol of insulin preduction and wrilizarion,
Drecreased frucoasamine levels can suggese

thar the parient may ke given too nwich in-
suling producing pecieds of hyvpoglyeema.,
Bloand lewels of frucoosamine can vary froom
[ab to Lk, and reference ranges depend on
the methoed and instrument wsed,
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Electrolyte Physiology, Funetion,

and Derangement

This chapter focuses on the common clec-
crolyres monitored inan in-hosparal clinscal
c|:|:|g:||1:-11i..' evaluation, ther rII.I:I..'I‘LIIII.. and
the conditions noted when their concentra-
cion is deranged,

Sodium

Sodium s the maost abundane posisively
charged wn i the extracellular Ausd that
helps o regulate elecrrical posential in
the body. The movement of extracellular
socin i the cell and imracellular poras-
slwrm 4t II{ r|1-.' l.'-!'” HTIII.'I'.IIII"'H An I."'II'I.-I'n\_'ill
rhythm, When the body needs 1o prodoce
an elecerical rhyvthm for muscular contrac-
tian, nerve depolarization, heam conrrac-
tin, and millions of other moscolar and
newaralogical activities, sodiom and poias-
sinm switch places ro produoce the elecrical
pulse necessary for the action (Figure 8. 1)

The balance af sodinm po porassiom o
I.'rlTII.'.-lI. fr |n.|.||'.h'|ir|:|n|q n-::-r|:|1.'|| I."'II'I.-I'n\_'ill
potential and physiological balance, The
bBoufy must maincain sodiem serom ley-

el berween 140155 mEg'ml and main-
rain 27 rimes mose sodium then potas-
HiII.I:II i:II rl'll.' XL r:|q_'|'|||.|]:|r FII.II.I.‘I. Tl'll." ﬂ.llﬂ.'llﬂ.l'
mmeralocorticend axis |see Chaprer 11)
mainzains the balance of sodium w potas-
sium by producing a mincralocemicadd
cilled aldosierone. This harmone is respoi-
sible for the reabserption of sodiom and
expulsion of potassivm in the distal convo-
luted oubules inche kidney (Figure 8.2}, This
harmone above all other adrenal hormones
s necded for normal bandhing of stress and
baudy maintenance. Withowt sufficient lev-
ols of this hormone, an animal can develop
a life-threarening crisis,

Alrherugh Bloasd levels of sodiem can vary
'I-TIII'IZI I.I|1 T I.I|1.| I:\."Iu'\':'l"i _|,',r-|1|,'r.:]|g.' Are a%
shown in Chart 8.1,

Charl 8.1
Canine | 142-150 mEg/L |
Feline | 147-162 mEg/L |

Decangements in sodium are cypically
relared 1o conditions thar affect fluid

LR
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electrical waves rairdain normad funciion in neurcdagical, cardiovasoular ared muscular aciions.

coneentration i the body, Low blood  mwoderasee oo severe vomiting and durche,
soclium  levels, hyponatrermia, is related Hyponatremia can alss be observed in
e factors thar increase solute loss in the  associarion with patients with increased
beedy, micest commanly seen i patenes with blood  pestassium, hypeckalemia, and o
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pargents  with  decreased  producrion  of
aldostersne,  hypoadrenacortiasm.  Hy-
ponatremic panents are generally lethargic
and weaky bowever, with hyponatremia,
seizures and comas have been repormed,

Increased  serum eodivm concentra-
twiry, hypernatremia, 15 abserved rarely
in patkents that injrest ton minch ealr,
are given oo much NaCl conmaining IV
Eluids, or have conditions where patents
have increased Huld loss bue maintain
.I|:||_'|:|1I|'I[|."' baindlyy snclivum  concentTatHIns,
Hypernatremia is extremely rares however,
hvpernatremic  patiems  have
thirss |F‘t|l:|-'lli]31i1:l. becmtie disoziented, and
l'l.l.1-'-!' SUTXLICYS .I.II|:| CORIENL S,

increased

Potassium

As o diseussed  above, sodium and  potas-
sIEm  are n*-:pq:-n'\-.ihh' for |'|r|'u;||.||.'|;i|:r1| nf
clecrrical energy in the bedy. Flowever,
winlike sodiom, derangements in potas-
siwm are more common and can prodoce
serigs physical syoeproms and  poteocal
life-threatening concerns, Although blong
lewels of porassiom can vary from lab o
Lals, suormial levels generally are as sown
i Chart 8.2,

Charl 7,3
Canine 4 0=54 mEg/L.
Felina 3.7-5.2 mEwL

Hypokalemia

Hypokalemia, potassaom =23 mEq/L, is
associated with discases char increase fuid
loss {ie., vomiting ar diagcrhes, chronic re-
mal disease, anomals on inemvenons Hoids)
or patients that are |1|'Il1ﬁ treated for dia-
betes ketoacidosis in the hospital dsee Chap-
cet 71 Common diseases associaned with

hvpokalemia are teviewed in the tollowing
seriaans.

Gastrointestinal Disease

Ihseases such as colits, parvoviral ifee-
rinn, panleskopenia, and gasiric Farcign
bamiy severe can produce @ pratound hy-
pakalemia (=25 mEg/dly due tesignificam
fludel lovsses from vamitng and charrhea.

Renal Disease

Ammals with chronic kidney disease lose
the ability to concentrate urine in the re-
nal medolla (sec Chaprer 510 To compen-
site, paticnts increase therr fleld consump-
rion and vrime ouepo, which increases the
EARIEEIRIN]E '."{ F".'":ﬂ..‘\-"il.lrl'l '."“".'"'i.'[i.'lJ.

Hospitalized Animals on IV Fluids

Huospitaliwed paticnes on intravenous fuid
suppart that are noe able to eae cain develop
bvpokalemsia due o the inereased TV il
and wrinary outpur,

Diabelic Ketoacidodic (DKA)

A patients most meceive n.-|r.|||;|r inpece
rions (every 1=3 hoursh o constant rane
edfusions of shor-acting insulin {Humilin-
lel 1 -:hr|:||."r 4] Ii:l'l'.'l'l' I"I':H:II‘I I.'\.II.II.":ITI." :Il'll:l
ketone levels in the blood. As insalin in-
creases absorprion of glucese, potassium
also is carred inee the cell. This vapid ineer-
riphizaeion oo make the pasent profosndly
hypokalemic,

Hypokalemia is geoerally nor life chicar-
eqing, bt patients are generally weak, de-
Frl"\-i'\-\.l."\-ll.. |'II:II:|I'|."':'ii|.'.. .I.I1|:| '«\'ITIZI seNCre -\_'I1I'IE|i'
ricns such as have veneroflexion of the neck
{Figure 8.34
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Figure B3, Image of & cat unable 5o lifs s neck die
I sirtvgniin linpakal i iventrflexlon of the neck).

Hyperkalemia

High Blood porassium level, hyperkalemia,
is a life-threatening desangement of the
berdy's electrolvie Balinee when potassium
lewels exceed 5.7 mEg/ml. Hyperkalemia
can ogcur when parients are unable o
remove  potassiom  nermally  frome the
blood into the wrine, are given ooo muoch
tafrAvendGEs  patassiom - supplemestasion,
or cannot remove urine from cheir body,
The most comman discascs thar produce
hyperkalemia ave reviewed in the following
seelions.

Feline Lower Urinary Tract Disease
(FLUTDY or Urinary Ohbstruction

Observed mosely in make felines, wrinary-
alrstructed patients are unable to eliminate
potassium from the body and can develop
severe hvperkalemia,

Hypoadrenocorticism

Ax disl.'us'u:-l:l pr{:vimml:.", patents with |:||_'-
creased aldoserone production are unable
te produce the exeretion of potassium in

the kidnevs while reabsarhing sodinm {see
Chapter 110,

Overadministration of
Potassium-Supplemented Fluids

Patients on onravenous  fuds thar are
supplemented with porassiom chlorude or
other porassiumecontaining additives can
develop severe hyperkalemia when pacients
are given mare than (0% mEgka/he,. To
avisid this comdibon, patients should never
receive haluses that abso contain potassium
addirive.

Abthough  raee, there are nonpatho-
logic conditions thar prodoce o non=life-
threateming o artifactual  hyperkalemea,
The medical ream showld consider all poten-
cial cavses, rroue and acrifacoual, o assure the
identificition of the eruly hyperkalemic pa-
trent. Some causes OfF mon-life-threatening
or artifacrual hyperkalemia are discussed in
the fellowing sccrions,

Breed Specificity

The Akita and other Japanese breeds have
ped Blood colls with a uniguce Nark pamp.
This pump confinues 1o mave padassinm
ot of the cell after blood samples have been
collected, These patients will have increases
in ther serum potassium as long as the
serwm and clod are in contact. Prompl sep-
arataon of the serum and red cells s needed
rer orbtnin 7 cToE serm ;Hntam.'hlrn comeen-
tration in these broeds,

Gastrointestinal Disease

Patients suffering. from chronic gascroins
testinal discase or parasitism can have
significant  hyponacremia  and  hypes-
kalemia. The artifactoal hyperkalemia is
|.':-I.I.I$-|,!i.‘| |1:.r rh.,- rr.'||15||1|.:.'|ﬁ1:|n 1,:-F p-:rraxs.ill'rn
in exchange for hydrogen ions by severe
metabolic acidesis. The clinical chemistry
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af these patients may appear vy simila
v the hypoadrenecortieal  patient  (Ad-
disonian), The only way o differentiare
between thess two discases is an ACTH
stimulation test (see Chaprer 110

Patassium Supplementation

Ak I:II'\-n_'II'\-'il"\-I:. '|'\-r|"l.'||1||'\.'|3.'._ F!.I.r'.l'l'lr'\i T|1iIT ro-
ceive 3 bolus of petassieme-rich fluids or are
cit high levels of oral porassiom supplemen-
carion can bocome lyperkalermic,

Changes in Peripheral White Blood
Cell and Platelel Concentrations

In rare conditions, patents with severe ol
evatien in their wiire blood cell white
Blood cell count = 200,000) or plaeelet
comnts | o= U000 DY can have 5-.i|.',|1||'-||.':||:||‘|:-'
increased serum mertassimm e o loss nf
potassivm from these cells afrer the sample
1% obaained.

Hyperkalemia can be a lifeshreatening
comdition affecting primarily nerves and
skeleral and cardiae muoscle, The following
sl I Hi!.'htl'i JKM:I-\'_'IJIZI.'\III. \‘-'itll. |.'I_"¢'FI|.' rk:L|-.'|1|i:|:

= Musele fasiculations

= Pulse deferrs

& Decreased mentation
#  TBradveardia

= Cardiac aechythmia
#  Flaccid paralvsis

®  |Jeach

Becauwse hypeckalema can produce seri-
ours life-threatening, syndromes, the medical
ream must be quick and effective ar evaluar-
g blosd stk tor the cawse ot the hyper-
Ealemia as well oy secondary complicarions
r]'l.il: SN EEnT, H.I"!a' L'|1|'|'.-\_'i|| I:II.EHTI':H“.I.' TEETS
for affected parienss are reviewed in che fol-
Lwing sections.

Clinical Chemistry

The feellowning clanges in climecal chemisiry
showld be evaloated of hyperkalemia @5 oh-
served,

Hypoglycemia

Patienrs suffering from an acute hypoad-
renacorricism | Addisonian] syndrome can
become significantly hypoglycemic. Many
patients  with significanr  kypoglveemiz
faofel) mgtdl) may many need emergency
supplementation,

Azotemia

Hypoademocoriclsm

Adldisonian patients lose the ability v con-
centrate urine due oo the wabilay of the
renal medulla re produce 3 high siabiom
gradient, These parients develop dehydra-
rion, deceeasiog glomerwlar Aleeation and
producing & prevenal awoemia (see Chapter
sh Unbke noemal renal asoiemrea, the Ad-
disonian pamens will bave an azoremia and
dilure wrine that will correct wirh treatment,

FLUTD or L rmnary-Crbstructed Patienis

These pattents develop postrenal azotemia
et the imakility to remove urine from the
baordy. These paticnts have severe azotemia,
have concenteated urine (bnitially), and are
hyperkalemic.

SodivmsPotassivm Ratio (NasK)

In the Addisonian patient. dwe w the
inahifiry of the kidnevs to reabsorb sodium
and expel porassium, the patienr bocomes
hvponaeremwe  and  hypeckalemic. The
|".|'|.'|:rr|'.:.'l:q.' I1i||.||'||.'|." 15 L‘In"-h.'ri]:ﬂ:. |1'I- r|'||-
sodivm/petassivm ratio, The nermal ratio
af sodiom to potassivuay shauld always be
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Figure 4,
hyjpikakemia,

=25:1. When the ratio of Na/K s <231,
Addeson’s  discase shoald be  suspeciad,
There are conditions chat can prodoce
significant hyperkalemia withour hypona-
tremia. IF the Na'® ratie s low bur the
patient o ot hyponarremic,  Addison’s
disense 15 |1|1|i|-cr|3.'.

Electrocardiogram

Anather concern that supports severg serm
hyperkalemia is the loss of the P wave [Fig-
ure 841w a nermal EKG soip. Hyvper-
kalemin can produce a small and wider P
wave untll 1f disappears entirely, [F ream
members are concerned about severe hvper-
kalemia and rapid measueement of potas-
s concentration is tob avarlable, evaloa-
rron ef the EKG strip can be psed to support
a diagnosis of hyperkalemia,

Chloride

Chloride is an abundane anion in the ex-
tracellular flod, Lt s -\_'|1:-h"|:p' associated
with sodivm, and changes thar produce
hypo-hyvpernatremia alse prodoce similar

A gampde of an EKG sirip with mo apparent P wasses, Loas ol the P wave can suppoart the diagnasis of

changes in the chloride popelation. Al-
though Blood levels of chlonde can vary
from lab to lab, normal levels generally ase
as shiown wn Chart 8.3,

Chart .3
Canine 15=117 mEg'L
Feline 114<126 mEg/L

Similarly, physical svmproms of high chlo-
ride (hyperchloremial and low chloride
blomd levels (hvpochloremial are the same
as seen with changes in the sodium blood
level.

Calciuim

Caleiom is necded by almast every cell in
thie By ter contral cellulir acaviey, aud in
muscular contraction, belp heart funcrion,
and aid neeve condocrion as well as ather
bady funcriens. Changes in calcium con-
centration in the body can be observed i
I'IIZHI'II.IIFI.II I:IZI'\-I."'?I"GI'., '\-irll'l.':IFII.' Thees I1{ Al TR,
nurritional disease, renal disease, and repro-
ductive disease. Blood calcivm exiss in an
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inactivared prorein-Bound form (bound o
alburmin), an actve wnceed form, and also
bound in complex with other substances,
Change in Blood calcium concentration can
prod ece seriows litke-threatening disease. Al-
thougl Blood levels of Calciom can vary
'I".r|.||:|:| Iil|1 18] Iﬂ.l'l.. 1I.I:IrII.'IiL| ]I!'ﬁ!'l"i Hl."ll!!ru'lll}' Are
ae shiown in Chart ¥4,

Charl .2
Canine | 9.2-11.2 mg/dL |
Feling | 7.2=11.4 mgfdlL |
Hypocalcemia

Low blood cibeiim, kypocalcemia, is carely
seen tn disease conditions of the dogg and car,
Moss commuonly, patients chat are hypoal-
buminemic from other cavses (8., chronic
Bleeding and liver, renal or inestinal dis-
u.uu],wi“ b an dchifactual ||:.']'.-|1;.':|||:|:|:||:|:|.
This is due to the face thar a large percent-
ape of blood calcium is complexed with al-
Bumin; therehore, a docreased albumin kevel
can produce a hypocalosmia seae. Patho-
logic hypocaloemia is most commonly asso-
ciated with those condirions reviewed inthe
following secrions,

Eclampsia, Postpariurient Hypocalcemia

Eclampsia is a seriows condition of the preg-
nane dog shordy after pregnancy due o
I.I'IL'I.'EHhL'd. I:IL'I:I’IE].I‘II:I!\ IJE I"I'.HJIJ L'ﬂ]l.'i.ul'll S~
cralla ¥ T laceation. Once lactation ]‘.i."ﬁ_:lﬁ'\-.
calcium levels fall rapidly and the parcient
cannat compensate, and the moscular, car-
diae, and neucolegie systems are severely af-
fected. The disease s more common i small
breed dogs, mare predominancly durimgg the
first lirter, and lacraring femakes are wso-
ally affected within the firse 2 weeks after
Birth. It is impartant 1o note thar eclampeic
pateents can also be severely hypoglycemic,
Signs occur acurely and the owners will usu
ally reporr the following clinical signs:

—

uxz

Fl“uht BE.  lmage of & hemake dag with eclampsia.
Fiypocakemia prevenls normal muoscle conlraction,
s the palients alien appear rigid with 2 sowheeselike
slanee arel musehe s fabicns,

s Restlessiness

= Morviusness

= Whining

#  Muscolar cremors

& Slow heart rane (hradycardia)
= Walkieg stifily (Figure §.5)

8 Spirorelike activiry

#  Kapid respiratory races

s Convulsions

| ]

High baady remperature [secondary 1o
muscular spasms|

AcuieChrenic Benal Failure

Pareents with ncutedchromic renal fatlure can
develop hypocaleemia,

Ethylene Glycol Intoxication

Antifresze intexication can also prodoce
hypocalcemia.
Hypercalcemia

High blood levels of calcium, hypercal
Cemia, 15 a mofe serions discise concern
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potentially affecting eenal, masteointesti-
oitl, cardiac, and other soft tsas of the
hedy. Prdonged hypercalcemia can pro-
duce abnmormal calcification of the body,
leading o Kidney failure, Bladder stone
formation (calcium oxalatel, altered gas-
I:r|.1i.r.||:r::.'ti||.'|| Flll:u:l.'.iun, 2|:|||1,:|r.rr|:|.| congrc-
tilicy, and hypertension, Hypercaloemia is
produced from specific tvpes of cancer
ihypercalcemia of malgnancy—cz., lym-
phoma, leukeama, anal glond adamaocar-
cinomal, overpraduction of 8 calcium-
releasing hormone—parathyroid hormone
(PTH), acute renal failure, rvpes of ca
p:'n-isnn i:ll.gnl::inn,hy]ﬂ:admmk:lrtlcism: and
specthe imbfections diseases e, Blastomy-
cosish, Tvpically, physical signs observed
are based the undeelving discase producing
the hypercalosm. Although am an cmer-
gency finding, team members dentifying a
hvpercaleemic patiene should discuss their
concerns with the veterinarian.

Phosphorus

Similar o calcivm, phosphorus is 2 mineral
integral to many cell functions including
hane farmarion, energy metabalism, muscle
contraction, and acidbase balance. Phos-
phores s absorbed o the diee and stored
with calcium in g complex archirecture char
gives bone its strengih, Phosphorus is also
a ke clement needed for encrgy production
i the cell, Although blood levels of phos-
phorus can vary from lab e lab, nermal
levels generally are as shown in Charr 3.5,

Chart .5
Canine | 2.3-5.5 mg/dL
Feline | 3.0-7.0 mg/idl
Hypophosphotemia

Decreased phosphoros concentrarion hy-
pephosphotemia is not geneeally produced

secofdary 1o discase conditions, However,
similic o potassiem, signibcant hypophos-
photemia can resule from acidibase imbal-
ance and aggressive insulin therapy when
treating a diabetic ketoacidotic animal, Pa-
tients on profonged shor-acting tnselin
therapy {=24 howrs) can develop a signib-
cant hypophosphotemia, and serum phos-
phorus levels <= 1.0 mgfdL can result im a
hemolytic cnsis, Signs assoctated with de-
creased phosphorus concentmation mclode

the following

Pale MM

Rapid respiratory and cardiac rares
Red vrine and seruim

Spherocyte formation (Figere 5.6
Weaknas

Depressicn

a8 8 B @

Figure B, Corcerns of a hemolptic anemda pro-
el by Fypepbospholomia peaducas sphireylos in
tha Bl film,

- F

el
=1 Tell
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Tabde 8.1,

Element

rormal Finding

Elecimcdyte abreenmalitias, thair causes, aml their s orelany caonderns,

Presence of Ahnormality Suggests

Sodium

Prtassium

Chilkarnck

Calcium

Fhasphorus

Canimes 142150 mEgL
Fedine: 147-162 mEgil

Canirg: 4.0-5.4 mEgl
Fedline: 3.7-5.2 mioyl

Canings 105-117 mEgl
Fedine; 114-126 mEg/L

Canines 9.2-11.2 me'dl
Fedline: 7.2-11 4 mgidL

Canires 2.3-5.5 mgidL
Fedin: 3 0-7.F il

Hyperphosphotemia

Increased

Hypenatremia Asscciated with loss of solule from vomiting and
clinrhiz and bypoadeonacanaiam, Evaluate podassum lovels.
Hypernatnemia: Associaled with increased intake and loss of
large quaniities of fuaids.

Hypekalemia: Associabad with chioaic gasininestinal loss
tvomiling/diarheal. chromic renal disease, and long-lem ¥
fluid theerapry, Sseene hypaokalemda can be associabed with
Irealmen!t of e A palient.

Hyperkalemix

= Artidactual hyperkalemla can be associated with specific
hiresedds (g inur browhsi, chennic infeslinal E
disease, and sevee abnoomalitles in while blood cell cowm
and plaielet count.

* [hisease; Avsoisied wish hvposcrencoorticism and urinarg
ahstructian. Dvaluate sodium lewel,

Hypechbaremias Clhosedy assonistnd with cacsas of

mponstremia and loes of salule,

Hyperchloremia Clasely associaled with hypematremia and

incmsed intake and less of lage quantities of flaids,

Hypecalcemia: Associated with eclampsia, aculefthonic renal

Tailure, and ethylene ghycol imoxication.

mii: Assacinbed with specific hpes of cancerns, acule
menal failure, overpmoduction of paratiyroid hormone,
hypoadrenoca miciss, specific sndenticides, and specific types
ail infeclinn.

Hypephosphodemiar Associated with the treatment of the KA
patienl, | loveds are <10 mpall, hypaphesphatomia carn
precluce a hemohdic anemia,

bemdas Associated with decreased eacnetion of
prhosphaorus Teom the kidessys secondany i renad divasi and
failure. Can ke also associsted with diseases that peoduce
sewene prerenal and postrenal azotemia (see Chapier 5).

hyperphosphotenina cin also be associ-
ated  wath  diseases that prodece  severe

levels of serum  phosphorss
thyperphosphoremial are most commaonly
assaciated  with  decreased  excretion of
phosphoros from the Ridneys secondary
b renal disease and failure, However,

prevenal  and  postrenal  azetemia (see
Chaprer 51 Phyvsical svmproms of hy-
perphosphotemia are dependent on the

und=r|]rin;|.; clesease i:lusi.ng the aberration
(Table 8.1},
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Components of the Urinalysis

The wrinalvsis is one of the most impor-
rane rests available for evaluating an il
[ﬂtiunl:, as well as For nu:-nimring well -
tents, The test s inexpensve, but b ore-
quires a skilled technician, Iv is highly rece
cmmended that this test s done in-house
brecause fresh wrine that is evaluared within
24 howrs of collection will provide the
miost v lid Flm;linﬁs, There are Many param-
eters on the chemistry profile thar cannot be
interpreted withour a weinalvsis, The evalu-
atsn of renal function values, proten: con-
centracion, and metabolic funarion requires
informarion thar is provided in the urinal-
vuis, The complere wrinalysis is the cvalua-
tion of the physical {color, clariey, and spe-
cific gravity), chemical, and formed element
characteristics of urine,

Oblaining the Sample

sampling rechnique has a significant effect
on the results of the urinalysis and rheir
interpretation. A sterile container should
Be used when obgaining o orine sample

if a urine gulture is anricipared. The pre-
ferred collecrion methods are cystocente-
sis and catheterzanon, Less nseful owethods
are free-catch and hladder expression, Se-
crecions from che lower urinary trace affece
borh free carch and bladder exprossion. 1f
the oaly way o obdain a sunple s with a
free carch, a midsteeam urine carch 15 pre-
ferred to decrense conramination, Kegard-
less, if the examination of the urine reveals
abingrimal findings such as bacteria or in-
creased privein, a cystocentesis or catheter-
ized sample must be obrained  confrm
thar the abnormalitics are relared o discase
in the kidoevs or urinary bladder. An ad-
clivional problem with Bladder expression is
the small but real possibility of o ruprored
bladder if excessive pressure is wsed or the
Bladders wall is compromised.

The tming of a urinalysss can be im-
perrtant in obtainmg the most mformaion
from a wrine collection, A first morning
sample (obtained just after the patient is
taken oul of it cage in the moeming ) will
provide the best evaluation of concentrat-
ing ahabity. It 15 also the best sample to

LFa
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[ =]

ik the wrine gently and place a sran-

dard volume (5 oc 10 mb) of the wrine

in A coanical centrifuge tobse,

3. Record color and ¢lamty and pertorm
the chemical analvsis.

4. Cenrrifuge for 3-8 min ar THK-2000
rpen | -= LU L,

5. Record volume of sediment usimgy the
graduarions on the conical tube,

f. Pour off el suparnatant (eave 2 ssan-
dard volumee of superoatant B cess-
pendd the sediment, 0,5-0,5 mly,

7. Place a drop of the resuspendad sedi

ment peller on o glass slide and place a

|:|:|'.'|.‘rx|ip Lier tll.!.' -:|r-:|]'.-.

Coross Fvalualion

Mogmal urine is clear and light oo dark
}'l.'||l.m-' im celor. Urne can have a reain-
brvwe @b colors, owever: deer, disease, aod
drugs can aler the codor of urine, The most
canmmen abnaormal colors seen in urine are
vediorange, blackfrown, and green. When
methylene bloe wis being osed as a weine
.||.'||:||'|'i-e'r, IT -I.'.II:I'\-\.l!'I'I r|'u'- ||ri|1|' T |1|' l'!'II.I:I'\-ul:I.
Black or brown discoleration of the wrine
s seen with methemoeglobin and miteies,
Gireent desonlomation 15 seen when hilirabin
s present aod allowed o break dows over
cimme, The mast comman color changes seen
in weterimary samples are red, red-bBrown,
red-orange. and arange. These colors all re-
I.-'IIII.' Fik r|1|' pr\-."wl'.-_'-:' l:!ll: |'r:."r|'|m-\_':.".-:": nr I'II.':II1|'
pigments in the uring (hemoplohin, myo-
glihin, parphyrind,

Hemamria is indicared shen the whine
s red s turbid (cloudy ). When a heina-
CILTRE Wrine 1.1|11'p||,= 15 s, thie erythrocyies
will peliet at the botrom et the ks, and
the supernarant will be clear or translucent,
Hemoglolinuna and mepoglobinoria s indi-
caited wher the urine 5 red 2and translocent,
When hemoplabinuric or mvoglobinurc
uring s spui dow, the colos remains in the

supernarant and ne ervthrocvre pelle will
form. Although there are diagnostic pess
that can be performed o urine ro differensi-
ate mvoglobin from hemaglobin, the casicst
widd is 1o eviluare 3 concurrens bloaod serum
sample. Hemoglobinurie patiens will also
h‘l."' |‘.||.'I'|:|I:I|:|.|:I|'Ii.1'll.'mii:. ?ﬂ'i::'i:l_uhlll.l:lllll.ﬂ'h_' [t
rients will have clear serum, Myoglabin is
cleared from the seram by the kidocy very
capidly, bt e mkes moch longe: o clear
hemagiobin.

Urine Specific Gravity

The specibe gravary of urine depernds on the
mumber anmd cype nt solunes {sodoble pare
cichesd in the urine, The specific graviey is
measured weing a refractomerer, often the
sainie et bhat s tsed 1o measune total pro-
rein in body coviey fluds andd plasma, The
specifc graviey of distilled warer is 1008,
Iristilled warer can be vsed ro check the cali-
Brratiom of the refractsneter. Large antounis
af proatetn and glucose cun increase the spe-
cibe graviry of 3 wring sample. There are
refractometers made specifically for vereri-
fkry x_'mp'.:.-:».. These indteumtents lave one
scile for diogs and large animal speetes char
goes to ap oa 105 and another scale for
cats that goes up to VOGN Any wine sam-
ple with specific gravicy thar goes beyond
the scale should be recorded as greager
than the high:,-qr reading om the APPraspri-
are scale = LS ar = LOAH. There is no
refesence range for wrine specific graviry
i the normmal patient. The specific grav-
ity will vary depending on the hydrarion
status, In general, the expocted UG in
a patient thar is debydrared bur has nos-
fal renal function showld be as shown in
Chary 9010

Chart 9.1
Canine US40 = 1,030
Feline [IS0E = 1035
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Chemvical Evaluation

(hemical analvsis of the urine can be per-
formed on the sapemmatant of the oen-
reitugmed sample o an uncentrifuged orine,
The primary reason for performeng the
analvsis on uncentrifuged vrine s the fagr
that centrifupation will clear the bloaed cells
fror the urine and MY Canse fiul s ThE -
tive red ding o the blood reagent pad. How-
ever, ervihrocytes will be seen on the micro-
scopic evaluation if present in nommbers ton
sl v sec grossly, The advantage of per-
ferrninge the analvss on centrifuged samples
1=t clear the urine of partzculates thar may
mterfere with interpretacion of the reagent
pad changes., Chemical analvsis of the wrine
it b done whaen the urine is ag room Lens-
perature, When done on cold arne frone the
refrigerarar, many of the reagent pads will
be falsely negative or less positive

The package imscrr foa the reagenn steip
wspially has a recommended procedune o
ferllowe, Tt waill also have a list of substances
that may interfere with the reagent reactions
it they are present in the wring. It is impor-
tant to ensure thar the cross-contaminacion
of the imdividual reagent pady doses nut oc-
cur, The uring should be aliguated into the
camical cenrrifuge tube betore the chemical
analvsis 14 dene. Te s best o ol the ube
tevward the horizental '|:l|u.|'||:.. witiersee the
reaeent testostrip, and quickly remove i,
deawing the strip across the edige of the tobe
e a horszonial posivion. Do oo allow
urkige b0 Tun Froan oo pad g0 the nexe. Al-
terrutbively, urine can be deawn ioee a small
swrimpge and aliguors placed directly om each
e pad,

Each p:uJ has a :~|'||.'|.':i|i|.' itcultalion time
that minst he followed before the color of
the pod can be inrerpreted, e s very help-
ful te review the times for each rest in the
prackame insert before performing the et o
B wehae order and oo chey should be
read, A&s mdicased |'Irq."|'il'll,l'~i|.:|'., theTe gre ars
tifacts that can interbere with interpretation
of the color change on the reagent pads,

The package inserr should list confounding
factors for cach individuoal vest, Some of the
most cemmmcay ariifacts are seen wich the
tests reviewed in the following secrions.

Glucose

The glucose reagent pad s eneyme des
pendenr; therefore, G0 s sensitive o em-
penture. Ascorbic acid will cawse a false
pegative. Seme gheoose reagent pads sdll
have decreased aciiviny 0 urine with a low
(= L) specific gravicy, Contamination of
the write sample with cleaning agems can
ciuse 4 false rlm.il:l.'.'-.'. Strict adherenice to
the expiragion date is mecessary, and the en-
rvme acriviey will decresse rapidly after the
cupiration dare,

Ketlomes

The kerome reaction en the reagene pad will
diepes |_||:'||:,- one of the keroacids fhar Iy by
i1 the wrine, Therefore, 3 nemrive resction
clewes maor ensirely rule oot keconooa, The ne-
acrion is highly sensitive e maistore, hear,
and light, sotr s importan o nghtly replace
thue licl g thie regent secip bonbe, False pos-
thvie ketone reactions can l'!l." e '|'|.'|r|'| .II‘I'
ministration of captopril, Depenicillamine,
tiapronin, and cvsrine.

Conjugated Bilirubin

Conjugated biliubin, the form of bilisubin
excresed in the wene, can be goickly de-
|.',r.|.|:|u-c| [N} I:li]l'a'l.':l'lillﬁ 1.y 1|1|.|_'||r|:|I.IH|'I|:l.'IJ I:IIIIFII'
bin, both of which do not reace with the
veagent pad, Dark-colored wrine will make
tnterpretaticn of the bilicubin feaction dif-
ficule. Ascorbic acid i che wrine can resale
i3 false megative result 0 some tesc siTips,

B o

TI'II.' TOET rh'll:l Fﬂ:lr l'l]lll:l':l '“-IJI regsk 'I.'||'.||'I'I
ervthroseytes, Bemoglobing, and myoglshin,
Somee test oareips can ditberenriare  Low
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numbers of  inact ervthrocvies  teeim
hemogiobin amnd myoglobin becuse inw
redl cells will cavse 8 soippled appearance
rather than a solid color change, Flowever,
a large number of intace erytheocyres will
resule un a solid color change, the same as
|.'I|."I:IIIZFH,I.II|:!:II1 1ir |:|1:ﬂ:-ﬂ|||::-1r|.

Profein

For maost reagent sieips, the prosein pal
detecrs albumin, Highly alkaline arine can
result in a false positive reaction in some
L1 .‘\.l.l.'i]'h. The peaction of the I.'ll.'l.ll.l.'il'l E’Hld
shauld Tae |.|1r|.'|:|1n'r|.'|:| i concert with the
LT qmlciﬁc]'_r.wil:'!.'. A 1=k urine protein in
a wrine sample with 1000 qpq:-;iﬁ:: Eravity
i= more significant than a 14 finding in a
sample with a 1040 specthe graviry,

Monuseful Reagent Pads

There are reEAEel b'lr:'ph. that tielude h|.'|l.'l.:iﬁL
gravizy, sutrate, and leokocrte seactions,
Mone of Thess reactions are usefel inthe vers
crimaty pacent. Urebilinogen is somerime
present on reagent srips as owell, This re-
actinn, for the moest part. & o wsefol, T
i= very insensitive because urobilinogen s
very unstable, Some solba-based antibiotics
will cawse false ]"-|:ui[|:'.'l.' peacticns, The |"|H
af the urineg can have a great effect on the
reactum, Highly alkaling urine will increase
the reacrion, and acid wrine can decreas: the
peaction, When choosing a reagent T sieip
for wae it the clinse, consuder ones thar do
oot lave these tests, It s oot warth paying
fur fests that are nf Iirrle; 1551%,

Sediment Examination

Examinacion of urine sedimenr can be done
with or without sediment stain, Unsmained
SECInE NS have fewer artitacts, bt '.|1-\.':.-' are
micire diffenlt for some individoals ta evals
ware. Using swain adds 1o the cost of the

procedue and s considersd 2 “crutch™ by
mgany laborartory microscopisie. The sedi-
mient {staimed or unstained ] 1s dropped onto
a glass slide and a wnitorm coverslip is
placed over the weine drop, The size of the
coverslip is oot signibficant, other than the
fact that the |.|.r!,',|.' u-:r-.'ur:-;|||1 allowes mare
arca bor evaluation. The slide is placed on
the microscope stage amd the lighe is ad-
justed by closing the oris diaphragm or low-
eriig the stage hoie as ane woold do when
counpimg white blood cells in g hemocy-
LU L [art e

The sxdiment examination is |ﬂ|:rfl:hr|'|!||.'d
by scanning the orine on low power (10w
abiecrivel to identify Tnrge formed elemenss
such as epithelial cells and casts of re-
nal rubwles, The entice coverslip s scanmed
at low power and the average number
of formed elements per low power fAeldd
is recomnded {ie, 1= sguamous cellslow
power ficld [Ipf). Following che low power
SCAUN, L CoHnsistent |.'ll.'\'L'I.|I.'|:I\.'rI.'I'IiI|.l\.'L| ek
af high power Relds (40 obpectves) are
evalpared, At this power, the tvpe of cells
in the urine can be berer idenrified and
reconded as cellahigh power hedd (hpth
Tlee cellelar elemens thar can ke seen in
wrine include sguamaons cells, teansitional
cells, white blood cells, and ervthrocyres,
Orhet farmed elemenes, bacteria, fungi, and
cryarals are identified and reporred ar few,
magglerate, or oy, The trpe of crystal s
identifed and che morpholagy of any mi-
crodkganism is recorded.

The most difficele part of the wrinalysis
for most technscians is evaloation of the
seciment, Confdence and competence re-
quires practice. Making wrinalvsis a row-
rine test for all sick patents and pare of
a wellness examinatwn wall allow conseant
honing of microscopy skills by the techmi-
cian, The formed elements imothe wrne sedi-
mrent thar should be casily identificd by any
techiician dotng a wrimalveis meloude ery-
th rocyies, white Blood |:v|'.t.. |';-|r]1r|:1| cells
(squarmons and rransitionall, casts, crvstals,
and hacreria.
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Erythrocytes

Ervthrocyies are the smallest of the cellu-
lar clemenms. They can be found in small
mumbers in noemal samples (0-YHPF), os-
pecially i cystacentesis samples. They are
small rewnd biconcave disks wach slight red-
dish to greenish tinge, IF the wrine has a high
.‘\.I.'II.'LI:nL y.rn-.--.'L:r. the red cells sy bse cre-
nated. In vrine with a low specific geavity,
the ervthrocytes may lyse and Bane ghost
membranes mav be seen,

Eeythesoytes are mast casily confuscd
weth swhite Blood cells and B deoplers, Ca
uring tends to have a signtheant number of
fat droplets, Whire blood cells are Larger and
have a goanular pattern, They will appear
lighrer than the ervthrooyte, Far dreoples
witry in st and wsaally collect just vnder
the coverslip in a plane above the erythro-
cvies, Focusing up and down will show the
differene planes for these pwo clements,

White Blood Cells

White blongd cells can also ke found in
nimial veine in low numbees (O-20HPEF.
Lenkooytes are Barger than ervthrocyres and
have a granular appeacance jthey seem o
glitter as vou focus up and down). In some
casss, vou will see che segmented noacleus of
thie newrraphil.

Epithefial Cells

Epithelial cells are larger than ervihrocvres
and leukocvies, Squamous epithelial colls
are found in higher numbers in free carch
samples, They are the Lirgest cells foond
in urine sediment, They have abundant cy-
perplasm, small cownd neclkei, and angular
cdges,

Tramsamonal cells {urothelial cells) vary
I.":!ll'.11l:ll':|'|'||'||:¢' n sLEe, I1i|'¢'|."' ﬂ:ll:ll'll:ll."l:l E'I:IHE'H.
and have variable amounts of cveoplasm,
Their nucleus is rownd. This cell ovpe can

be quire seactive wlhen there s an inflam-
prasory process preseot in the urinary blad-
cler, IF there is suspicion of transicional cell
neoplasia, & urine sample can be seor in for
further evaluation by a cvropachalegisr,

Microorganisms

Bacreria and artifacts thar can imitate bac-
teria cause the wreatest confusion on a uri-
malysis, Both rods and coconid bacreria can
be seen in the wrine of pacients with & sep-
Lic process af 1he l.|:i|'."|r:-' react. The tnasr
COFITIEILE r':']?l\.' I:Ir I:lill.'r{'riil SOCL N LAnary -
fectioms is rod-shaped and monile, As o ne-
sult, om examination of the sediment when
thcse Bacreria are prosent, the micrsoopise
slionild see small rod-shaped organisims with
pFEEreEssive mavement,

When cocooid bacteria are seen, it is im-
perrtant tor soe them in chains or organieed
clusters. Maost cocooid bacteria are non-
rritile, s Frward motion will mor e seen,
Frovwniamn matien 15 random mation |1:."|'\-.1r-
ticles suspended in oa liguid. Many wrine
samples have small pariculaee maner such
as very small eoystals or amorphoos debiris
rl'l.l.r (&3 :I1|.I|:I':I .il'll:l .LI'I':HIT rl'll.' slzE '::ll: I.'I1I.'I.":HI:|
bacteria. When suspended in the wrine, they
will wacillare i place, bor they will mor show
progressive forwand motion. In most cases,
when bactena are present, leakocytes wall
be present as woell, IF vou ideniify hacreria
and there jsnt an inflammacery response
trceared by the presence of pyosia {ineo-
traphils in the urine), the bacteria are likely
cantaminamts, The exceprion o this rule
is when an animal is immunosuppressed,
peceiving corticmsieraids, or has Cushing™s
clesease.

Fungi are lese comiman in uringe 1.1|11p||::
than bacteria. Yeast is the most comimon
fungal clements seen: however, fungi thac
form hyphic or mycela can be found i
ST CHERCS. "l'll.".ﬂ"ir HEpE |.'|r|.;|'r TI'I:'IIZI |1i|l\_'r|"
via ard are occasionally confused with ery-
throcyres, With close examinarion, budding
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st can asually ke foeund. The budding
vt body can bave a thin or broad base,
and this characrerisoie can be belpful in
idenrification of possible species of veast,
Yeast can e conraminares from the lower
wrimary teact when a feee-carch sample
evitlhuated,

There are very fow parasites thar are
found in che weinary eacr, Theugh e,
o of the Bladder worm, Capellara ferea, or
Capillarig felis can be found in wdne [oem
clovgs andd cats,

Lirinary Casis

Coses are formed slements char are lier-
ally =casts” of the tubules o which they
foam. Casts can ke cellular {crvthrocyres,
Levkoeytes, or renal wibualae cells), granular
{cparse, Aned, hvaline {proteinmd, or waxy,

Hyvaline casts are clear, coloress, and re-
fractile. They have parallel sides and consist
af ?"rl.ll:l.'il.'l.

Granular casts are the mast comomon
casts seen in the wrine. They consist of de-
generare collular debris, Granular casts o
et have a yellowfbeown hue,

Collular cases consist of recognizable
I.'I."II.T. TI'lI"’_'a cian I'II'I I.'I:I]I'IF':HI"I ':!lr- II'IIL:I'II.'}T{"-;.
renal twbutar epithelial cells, and erviboro-
[ Reed cell casrs will bave the same ced 1o
greentsh hue seen i the free erythrocytes in
urinee, Cellular casts are not commaon, Ther
presence in uring is highly significant. Whire
Bloewd cell casts are seen in pyonepheinis and
enclieate signibicant inflammarion within the
L'-!'rl.|| rlll'l'.lll"-i. H.I."':I -\_'!'I.I cAasks ;I:I:IIHr:H hl."'l:l':ﬁf'
rhage into the renal rubules, Epithelial cell
casts indicate acure slonghing of the renal
rutbular epichelial cells.

Waxy casts indicate chronic renal dis-
case with loow glomerular Bleration rate (low
flons of urine theough che renal tubolar sys-
remb. They are the largese cass found in
urine. Thev are clear, colorless, and refrae-
tile with “cracks™ at the edge, They are
formied feom the lipid presenc in degener-
ate cell membrane.

Fatty casrs are masr comamnan in the car,
The eat has higher lpid content in @ ne-
nal rubular epithelial cells, Fary casts kave
large numbers of distinee rownd refeactile
Basdics embedded in a prowein backgroond.
They are aften accompanied by a large num-
h'l."'r I'It- I:rll.rd Jl.r\-ctr\-h".'i (L} El'l.l:' I:lﬂl.'k!.ﬂ'lll.l:“l..

Addirional formed slemenes thae can be
seen in the wrine imclude spermarozs, pai-
asites, and plamt sposes.

Urinary Crystals

TII.':'I'I." IO I rEsLs |:r:|-".|:.a]'. I:Il.ﬂt I I'II.I
seen im uring samples, The ovpe and oum-
ber of each crvstal should be reporied,

Triple phosphate or struvite crvstals anc
the most common crvstal seen e compain-
tan amimal wrine, These crystals are de-
scribed as “cefhn lids.™ They are elongate
with sharp edges and are vswally found in
.‘\.Ii|.'.|1|.|:-' acidic urine. T|||:.r ArE I\.'I.II'I!||'I'|I.I|'I|:|'
found m prine from anomals with o evi-
dence of urinary iract disease.

Ammonium bivrate crvstals are a com-
mon hoding inowiene samples. They are
Errowens, eound, and have toregolaely spaced
‘-il'llk-!"- mn :|:re'|r "iI.IIF:I-\_'t!'. Tl'll."'lr |'||.'-€"-\.I."|'|I.'l.' m
wrine is indicative of high serom ammonia
Lewels and s commanly associated sith
disgs that have a portosystemic  vendus
shune, However, they can b seen wath
severe promary hepatic disease and in the
dialmarian dog.

Caleium oxalage crystals have become
EINEITE SO LN I.'I:I:II'IF.I.I'I:II'II'I :II'III:II.-iI. ‘T.i."-\_'ll.""
due o dictary changes. In an attemps to
limft che formation of steoviee oralichs
ireiple phosphare stones in the wrinary sys-
tean |, diets hove been mndifed o alter the
acidity of the urine o make ir less com-
pratible with formation of triple phosphate
stoncs. As 4 resoly caleiom axalare stones
I:Iil'ﬁ.' .I:!.'L'I.II'I'.{' TCEre COrTkmaan. TI:ILTL' Are T
'I-':!lrrl:lh ':FF I.'.III.'I'IIII.'I I'Ix.l.l.ﬂl:l." u::."l:r.l.|1: -Il.ll'l"a'
drate calciom exalate and maonchvdrate cal-
cium axalare, 1118 very IMporsant o cepeor
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Table 30.  Elimanis of wing and tasir meanings.

Lirinasy Elerrerd

momal Findirg

Presence of Ahnormality Suggests

Lirine specific gravite

Lirine glucoes
(glucosurial

Ui ket
ikekanurial

Conjugated balindbin
iblinukinunal

Bl (Feerualurial

Fralmin ipealeinurial

Seclimani—white blkaod
cells

Canine = 1,030
Faling =1.035

Hegalive

Hgative

Hegatlve

Fapalive

Camine; negative
W frace
Faling: nagatim

{=0-2 WEC hpphy

Decreased unine specific gravity can sugges the
kielnvirgs” imalsility 10 cancentiata urine. This cans
oey simpdy due fo increased oid mtake foral, 1V
Tluidsy o be secondany o renad ar kamonal
cliniasis,

Arlifacts Decreased LISG «1.005 can hide
huccrburia o the reagent sivip false negative).
Cantaminaticn al thie uring may pEoduce o felse
panilives,

Meease: True glucosuiia suggests disdbetes medlinue
air shress- i Raled bypa nglyiemia ard ghucosuna
{se= Chapter 7).

Artifact: Tesi checks for anly ane kind of ketene, so
a reegalive does ot ahways nule ca ketonuria, Falue
posltive kelone reactions can be seen wiih
administration of caginpril, D-pei iR,
Ticproersn, and cysbrse,

Déisease! A troe kelonada wih glucosuria saggeis
that the patient is sulfaring lrem diabtic
ketcacidosis (see Chapler 7.

Arlifact: Can sho fabee pegatives die= o the
presence ol scochic acicl,

D¥isease; Can support evidence of lhver dissase,
1WA, o gallbladder cbatuction in the patient.
Arlifaet: Tost cam shaw grasilive far bleend,
hemaglobin, or myoglobin, Diseases that cawse
erythrosyie destuction g, IMHAL o miuscle
chegeneralicn ar mecrosis cam cause increased
release of hemnoghohin or myoglobin and make this
sl lalsaaly positivn. To hedgy canfinm thie diagnosis of
hematunia, the wine supernatant shauld be
ewaluaied after the urine is spun. Fatients with true
hematuna will Fave a clear supernatard because the
cellz have been conderaed inta the pellet

Dezase! Hemaburia sugiests thal disease caces
Eilseding inky the wrinary Bladcder—ao.p,, urinary Iracl
infectians, coagulopathies, urinany stones
juralithiazicl, or bladdenrenad tumors.

Arlifact: Artifaciual proleinuria can coour if unine
pH s alkalire (=751,

Dsras Tha prosene of urise probin Gespecially in
dilute urine) can suggest evidence of urinary fmct
diseaze or renal dizease with ghamendar damage.
Evidunce af inc reases whiti blocd colls suppns the
presence of infecikon or inflammabicn within e
urirary fmct. Increassd white blood cells ane mos:
cammunly chserved with unrary frec infectians,
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Talile 9.0, (Conrieed|

Linrary Bement

Hoamal Finding

Presence of Ahnormality Suggests

Sediment—ervthrocyies

Sl —erpsithidial
cells

Saclimenl—kacieria or
furgus

Casis—hyaline

Casls—pgranular
Casts—cellular

Cosls—wany

Cakls—raity
Crystals—Rriple
phesphate

Cryztals—calcium
e

Cryslaly—menchyed rale
cakcium oxalabe

Crystals—Hhilindin

Crystals—amenanium
I cryatals

(=03 WEC hpfh

= 1-2g ]

M s

Hegaihe
Murative
HEE.HI“’E

Mipati

Megative
Nupalie

Hegative

Mupalie

Mupalive

Megative

Evidence of Increased erphrocytes suppors. the:
privwinde of Blissding within the kidnay o blecda
suggesling urinary Iracl infeclions, wrinany sones,
ar bladder or renal fumors.

e wvidunce ol agithalinl celk can st
the presence of some tvpes of hladder cancer.
When noted, the urimary sample shauld be went o
Thar Lab ko cyhalogical snaluation.

True bacterial ar fungal elements in the urire
agnports nenal or urisary iaot infection. If these
wluminis are b, The Dype ol miceanganism
should ke documenied. The presence of whilke
blood cells helps o further confinen that an
infection is evicent,

Increased loss of protein in the wine.

Sleughing af the reral vubular epitkedial colls.
Lyacormmon, Their presence sazpests serioys renal
digsase, and its cause s dependent om the e of
call fomrel, Erpthencyte casts suggest remal
hemarhage, whereas while hlood cell casts
suggest renal inflammation.

M anadent, they can sugpest cheanic reral Bdlar
clwnage secondary 10 chronic kidney dissase,

Mo signilicant

Artifacts Can pracipilob aul in simples Sk s kar
w0 long at room temperature,

Disases Suggective of cryamallization of
magnesium, phosphomns, and ammania out of
dietary elements in unine with an alkaline phH;
wsuadly sl signilicant.

Arfifaciz Can precipilabe aul im saimphes kst dor
o long. at ronm bempeTabune.

DHseases Supggestivie of crvtallization af caleiusn
and axalate out of dielary shements in urine with
am acidic pH; weaally ot significam

Theesnr Crysialy gy anvckend with elhndens glyool
imoxication [antifreeze) within the first 8 hours of
ingeshicen.

Memal Tircings in cancestmbid urine in dogs;
can suggest dissases that produce
Fpperbilindbinemia fe.g., liver disease, gallbladder
hinachiom, or W &L

Evident in patients with lheer dydfunction and in
clabenaniarm,
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each specific ovpe. Dihvdeate caleium ox-
alate ervatals are comoron n the urine of
clergs and cars with no evidence of renal or
wrimary trace discase, The dihydrate crvsral
is square with a refractile cooss in the cen-
ter. The monobedreate form is elongate with
a blone ]1-|:-i1|'r on each end that causes & ta
resemble 3 picker fence post, The monoahy-
deare borm s highly associared svith erhy-
lene glveol Janzifrecre) polsoning.

Biloubin crystals are miore comman in
the dog than the car, They are elongare chin
vellow/brown needles that are often gath-
ered into a cluster that resembles a whear
bundle, When fownd in the cat, I:':u'g.' are
highly assocutted wath kyperbilirabinemng,
They are considered normal ﬁn.;]in?_w; incnne.
centrared wrine in the dog.

Cystine arystals are sarely seen. They arne
mdicative of a herecdiary metabolic defect
and evstinuria, They are perfect sixesided
flat plares (hexagons),

Tests for Evaluating Changes in
Clomerular Filleation

As discussed in Chapeer 3, detection of pro-
reinuria can be a ke diagnostic rest in de-
rermining carly renal discase prior to the
patient developing azotemea and physical
symprionis, If renal disease s detected sarly,
these patienrs can be rretred oo show the pro-
gression of the disease, The fallowing sec
tions peview climical diagnostics thar belp
eviluate these changes

Microlevels of Afhumin in the

LUirine

Al ||'|'I.']|1L|I.' best t‘l:l:l' Ty "il:l'lu'I" Ammdnrnis rl{
albumin {microprotein) is available, This

test can be oused in detecting saely fe-
pal disene amnd momtoring  response 1o
[reatment,

Protein/Crealinine Ralio

Thiz rario is a berrer GUARCIEATian nf [ri-
tein loss than the semiguantizarive measusne-
psent ol the reagent pad. It closely oorme-
lates with the usine protein measurement
thar requires collection of wriee over o fall
24 howrs,

Endocrine Tesls

The wrine cortisolficreaninine  sario,  por-
ferrmnedd o o reference labaratory, s used
ps @ sereening test for hyperadrenocor-
cism {Cushing’s discase; see Chaprer 110,
Cortisol is a hormence that is produced
by the adrenal glinds o help maineain
Blood glucose in omes of stress, In oor-
mal patiens, very small amounes of cor-
il are relsised o the veine, In pacienes
swith incrcased release of cortisal scoondary
ver Cushieng™s disease or other chronwe dis-
= e |..'|r|.:-!' AOEDLnSs l::ll: I.'IIF”'L"ZFI miay |1|'
excreted in the wrine, IF the radio of cor-
[iwnl oo creatinuine i ||_'|'.-.-, qushi:ﬂg"; dis-
s is highly unlikely, lowering the clinkcal
comcern, [F the meo s elevated, addional
confirmatory testing for Cushing™s disease
flowe-dose dexamerhazonc e or ACTH
stimularion testb muse be done. o general,
|'|.||'Il:'|1r'\-i \‘-'II:I". L'I:IF\IC:IIZIII.' l:ll"i!'u'l'h."ﬂ ATIE I\-|T|'|.""I"'i!'I:|
i |1I:| 'I.'||'III I'I.I'I'I." a I'I1|.'.,I'I -\_'I'IITI“I:I]III.'I'I."'.I.T1I1LI'I:,' AL

(Table 2,17
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Table 100, Comsan cauees of dicfeani
unrre-rancerdraling obility

Lass of responss Glucocomicokds
1z antidiurelic Hygrarcadesimia
hormuone Hypokabemia

Osmaoitic diuresis HMypeglycemia

L ol siadiniim [l uiics:

Laans ol rasrual faibule
furcHon

Primary renal
s

ar secondary disease that is cawsing inhibi-
trom of renal tubuolar fusction. Table 10,1
lists diseases that inhibir the kidney's ability
e concentrane urine and cheir underlying
pathagenic mechanizm.

Mormal renal wibolar fusction 5 oneces-
sary w0 both concentrare and dilute vrine,
Therefore, an azotemic animal that has a
very low specific graviey (= L) has nor-
ml remal rebular funcrion with an under-
Irng chisease that s not allowsng norcmal
response to anodiretic hormone [ATIH),
the hormone thar allows the renal collecr-
g duces 1o reabsork water from the wrine
as it lows through che medulla,

Primary [ceneral pdiaberes imspedus, a rel-
atively rare disease, is a genetic disease thar
has been found in several breeds of doeg
(et Dane, Portoguoess Water Dog, Kott-
weiler, Standard Poodle, West Highlan
Whire Terrier, Softcoared Whearen Ter:
ricr, Bearded Collic, Leonberger, and Mova
Seotia Duck Tolling Retriever). Primsary di-
abetes Lnsipll,‘ll,ls 15 the lack of antdivrenic
hormone, Secondary Diabetes insipidus oc-
curs when the renal collecring duces do nat
respond oo ADH. In Borh cases, the wnine
spectfic graviey 15 less than 1LOOS, Figure
10,1 illwssrates the effecrs of ATYH and how
it increases warer reabsorprion in the col-
lecring ducrs,

L adddivion 1o dsease processes, it s im-
parrtant ke remem |_'u:r t]ul; mtravenones F|1|.iv;|
and diuretic therapy will also inhibir renal
cancentrating abilicy. In an azoremic pa-

rient with a history of Huid therapy or ad-
muttistration of a divretic, the urine specibc
gravivy cannat be vsed oo differenniate pre-
renal from renal azoremia, In chese cases,
response 1o appropriae therapy will derer-
i whether the patient has adeguare renal
function,

Chemical Evalualion

The chemical evaluation of urine can pro-
vide information cssential o discase diag-
nais and incerpretation of the CBC and
chemistry prohle [Algorithim 10,25, The
chemical reagent pads on urine reagent
strips provide a semiguancitative value for
cach substance being resoed. I is impasrant
ter memember that there s a degree of sal-
peetive analysis when reading the reagenss
pad reactions, In some cases, @ moce agou-
rate evaluation may be necessary, as is often
needed when determining the significance of
proeinurs,

Glucosuria

Cilucose is fileered out of the blood as it
passes thiough the glomesulus and must
be nembsoched by the prosimal convalaeed
tubules. [ the normal dog and cai. all of
the glucose filiered can be reabsorbed as
long as the renal wbular epichelial cells are
healthy and the amoune of glecose filtered
ot does nob exceed the abilicy of the epithe-
lial cells to reabsorb glucose, The proximal
convelured tubular epithelial cells have spe-
cific membrane teanspost pumps thar are
responsible for moviag glocose from the
wring back into the serum, The renal glocose
threshald s the serom glucese concentra-
rion over which the remal mibules teansport
pumps canngt reabsorh all of the glocose
tlul; is :ﬁ|n:rcd ke r|'||;.= |,:|ri|1r. Thc n:rl.'l| :F.'-]'-"
cose threshold is 180 mgidL for the dog
and 240 mgfdL for the car IF the patient is
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Figure 101,

Prisribmine al ther fevial sl ool Wik s et

@ The waker channels are chosed IF theve = no ADH preent on
e rband A dilun: u

the= ADH recepsars al ihe basal
sl (B W hen ALIH emaches e

I ALH recepriar il changes corfmalion arel speols e call oocpsen e waler channals ke allmee weber 0 anber
thee wpithelial ool at the lumenal sufaoe of the celbs ana o Trdo ihie dmesiibal ssue, Orming conoenssied wrine.

I'I'_ITII_"H:I'!«'I_'I_"ITIi{ '|".'|r|'l =erirm j"_ll_ll_'I:HI_' EI'I.',".\_:][I_"'T
than T80 mgdl in the dog and 248 mgidl,
in rhe car, the parient will have glucosuria.

‘.;III.L'IJHII.riII [ oy R o i | 'l'|'||.|.'|1 d |'|i|ril.'|1|'~1
serum glucose s less than the renal glo-
cime threshold if thers 1= a defect in the
abilivy of the renal abale epichelial cells o

reabsorh glucose or if there was transient
hyperglveemia, There are penetic diseases
thar resalr in abnormal glucese Transposc
i I:I'.il‘. [sH BN FTH] S n.'J.I:IHIII.'I" FIIIL‘IIh\.‘ iII.‘II."
kel Fancomi H}'rlﬂmmu._ LT IMOST Coam-
monly in the basenji i one example. These
paticnes will lave noomal blood glocose
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evialuarion of the weine. To differentiare
these pwis, evaluation of the serim s pec-
casary, Hemoplobin is bound o albwmin
when itis in the plasma; myoglobin s tree in
the plasma. Asa resule, myoglabin is rabidly
cleared from the bload, and hemoglolin s
HI‘:IWI:I' l.'ll.".-l.“'l.l I'H‘\.'ill]‘ﬂ.' rhl." :I".'l'.lll.'l:lrl I'LI:'IT.“
keep hemoplobin from Being Glrered by
the kidneys, Parienes with emaglobinuria
will lwve hemoglobinemia, Pasenes with
mryvoglabinuoa will have sormal secom or
plasna coler,

Profein

The regent pad for protein is mos? sensdive
rer albomin, Urnine from o panent wath nor-
mal kidoeys usually has ne procein present,
Very little protein can flter theough the
|.'.|1:-I'|Iq.'ru|l.|.~\. inea the wiine. The E"-rl.l.'-:il'l'."|| ri-
rial fubular epithelial cells reabsorbed the
small amount of prodein that does leak into
che wrine, However, a small amounr of pro-
tein can be presenr withowr any other ev-
plenee of remal disease. This can happen
with stress, excitenrent, oF SITemuHss exeT-
cise, Fathological proteinucia can be due to
|.’.|ﬁ-|'|1l.'r|]|ﬂ| of tubulae disease, ||1i|.|r[.l o the
proximal gubole epithelom will prevens the
reabsorprion of the small amowt of pro-
tein that narmally Bliers inte the urine, The
degree of proteinucia seen with tabwlar dis-
ease i waually mild. In conreast, inpury o
I‘Jh‘ I{I':HI.'II' r|.||.|:|'k. il L'-!'\.II.I[ [ |'||i|l‘| ret IJI.-“.'k.I'I:I
proteinuria, The degree of proteiouria is
propaerrional tothe severicy of the glomera-
Lar damage,

Prostein con be present in the urine as
a resule of inflammation in the kidney or
Bladdes, glomerular dissase, or renal tubuo-
lar damage. If the sample is a froccarch col-
Lection, the provein can also be from the wee-
I‘J1 il .||'|I:I Prepiee 0ar Yagma, JJI'.':'T]'.II'I."E.-iEI.IITI
of the protein reacrion depends on the spe-
cific gravity and the sediment examinarion

(Algarithm 13 Pyurga, the presence of
inereased numbers of white Bleod cells,
inclzcares inflammation, which is nsually ae-
companicd by protein as part of the in-
flammarery process. Quantification of the
amount of protem s oo helpiul when
|.|1f|:||1||:||:Lh.l||:| 15 rl:l':'.-:'lll‘. T]'ll." |'||.'||h':||1'.|r|..'.|
present with inflammation should resolve
cince the canse of the inflammarion has been
treated. Howeyer, if there oo evidence of
taflammatinon, progeine is a very sigaidli-
cant fnding in the urinalysis,

When urine is concentrared s it Aows
[]lrl.lug'.'l the medalla of the :|-.i|.||:'|l.':.'1 all of
t]'ll.' ‘1|1|“|1|'|'||.|.'F:'5-| i'll. |‘|1L' e I|'¢'|". LI resGIse 1
comerntration ds well, Becanse of this, the
profein reaction will be stronger in concen-
rrared weine. A 1 4 reacrion in a orine sam-
ple with o specilc graviey of TOTE i more
signitficant than a X + reaction in a wrne
sample with a specific gravity of 1,035, In
many ¢ases, the veterinarian will want to
betrer 1.]ui'|l'll.ir:|' the |J|.'|.*.n.'n.' aof I.'I:I'l.ll.l.'il'l'.lri'_'l
with fucther testing, The decision o further
queantify the loss of progein in the orine may
be prompred by the presence of hypoalba-
TN,

The proteo-ereatinine ratio provides a
|:|||.a:||TiI'i|.'.:||:'.||n ':FF lI'l.E' |'|n|:-r-!'||'| I'I:I-' I.'I'II'IIP-'IT'
ing it to the concenrration of creatinine
in the weine. The creatinine acts as an
internal srandaed that correlares 1o the de-
gree of wrine concentraton. Mormtal ani-
mals will have a very low prosein creati-
nine ravie, <0.3, Significant proteiouria is
present when the ratio s = L Table 1002
I.I"ir‘i TI:I'E' TTLST SOITRIE TS I‘II":I'.I.U:'T |:|'L.'Ir [ ]
[ AN 11F|Ji.;il'ﬂ1|T ]'.-rrln.‘-in uria.

Repeatable derection of small amoonis
of albumin, microalbuminuria, can assisein
wleneifving early renal disease. It s best to
resst for microplbeminuria as a screen for
carly renal disecase in pacienss thar are at
risk. Table 10.3 lists risk facrors for devel-
cpiient of chronie renal disease. Pagienzs
1.'.l'lr.:| rJ'll.""I."' rlik |:.L|.'r-::-r'\.' |'||.|.:|-' I"-E'rll."j'iT |:r|:H:||
sereening for persistent early protein loss
with a micraalbuminuria tes,
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hlg,l:lrlﬁm 103, Evalualing wring siliman.
Ble=sdl i mrime inially sigpeds baer wrinmry TRt disease (urolinbiads, drlnary
Fy—— Ve | PR Infection, s, oF inflameatery disoisc): b ever. remal Bafectien ar
nloesd calls b tumnr or aiher sysemlc diesse ihat allice he Bl ahilcy o oo s alas
the urinc? Lain
¥a l
Are Thers Wit Lilaasd cells lin ilie dsiially segpest besé o wrliais | dlscise
white Blaed | Vs |iwrimary it mfecnkan, mass, o Inlamssiony diseasel, renal dispase
el i Hee ipreloaephiritisy, tumar, ar ailier syl g,
urirgT
Evalimate urise protia, wriac b, urine @i, compleie bleal csunt,
i
Slaghe sbnormal coll Bypres (more Chan 1 per ks power Beld) can seggpes)
Arc e pasalbile vpmior oF miass wliBin che Bladder
sheirmal zzll Ve
e in the Fvalusbn com heie Bosd caum, chomibsirr. SOOTPY VETERINARLAY,
LT
L1
i Crastalurts con siggea thal distary comgoreals are ervsializing i of the urlpe
Ao there - IF e precess opears aver o long serm, bsdder s one formedlesn b pessihle. 14 &
o rysmals ik Fmiperant 1o delermiee the iype of orystaly see abave,
in ithe wring?!
Evalmiir uriss pH, mniac boed, urine pricin. S oily veierisanan
M
3 Custs are sgpregales of prefvin or cells el farm inside 1he Mdoey
Ty - Tubilis. They cam sugged acule of chronk eeal Ssone, Infeclloa, o
il el in L. o Perplisia
tha unire 7
Exvaluaiv whide and rod Bosd ool comais; exsmine sdimend for infecioas
i

I Flalsh nia: diwwss ahanrmad Sadiegs wivh veterinarian. |

Sediment Examination

Evaluation of the urine sediment is an essen-
rial part of the urinalysis, Full interprecacion

Table 10,2, Causes of proteinuria.

of the chemicil reactions For protewms and
blood require sediment evaluacion, Idenci-
fication of cells, casrs, and crystals can as-
sist the wererinarian in developing a differ-
ential diagnosis for wderlving disesse amd

[l s Bz hanisim Dhisgranie o Prosdarninia
Glosmendar disrase

Gilomerul onepheiis Immane-complex deposition In glomerular capillanes Mk 1o moderie
Aurrploickasis Abnoemal protein depositon in the glomserulus Melar bl
Glomerulopathy Hemditary defects in the glomerular copillanes Mk 1o meodemie
Tuhular dis=ase

Fair oini e roee: Dzt i the prosdmal tubular tansponts ikl

Irderstitial nephritis Inhibiting prosemasl ubular function Mk 1 mexlemie
Oirug saxiciny Praximal tubular neceosis el bd
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Tabde 10.3.  Risk (acnom for devdogmiant of renal diviasa,

Cheonic inflsmmatory disease
Iriectican o ispase
Sdurlaralic disome

Checnic wrinary ract disase

Meaplasia

a treasment plan. Unne sediment exami-
nation should be both qualitarive {idenri-
fving apecific cast, crysial, and cell tvpes)
and quangitative {deteciuning the number
of cach element per high or low power field),

Urinary Casfs

Cases are formed elemenrs char arise in the
refial tubules. The appedcance of the cast
depends on where it forms, how long the
cast was present in the tobale, and the
contents of the cast. Coarse and granular

Dermuatilis
Drenial disease
Immurar-meslionke] diseass

Fuline lpukemis virus
Erelichiosis
Hiraitmasenn o
Hyparrbermann
[Cwabetes mellines
Hypenhyraidism

casts are formed when renal tubolar ep-
ithelial cells slough into the lumen of the
tubule, Inicially, the casts will be coarsely
granulir as the epithelial cells lose ther -
regrity and break up. If the flow of wrine
is slow, the coarse granolar cases will be-
come finely granular as the cell debris con-
taes o degrade while the cast slowly pro-
gresses through che tubular system, Waxy
casts develop over a long period of time
as the lipid companent of the cellular de-
bris breaks dowa focming a large hyvaline
cist with no recogmeable cellular debns,
Figure 15 illustrares how casts form,

Figure 10,3,  Casis ame fammed by sloughing of cells ima the tubule. Initially, the casts ane oo fular i s thesy il
theough the tubules they conlinee o hreak down imo caasely granular casis ik and then linely ganular casts icy
and, & they remain in e Bufules For banpg enaugh, weoey cavis Wl
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Table 104 Liimary <ol Dypas.

Coed Type Came

Hvallne cast Proteinaria

Granular casls Ranal balic necnsis

Wiy cosl Chmorac renal o isease

Wihibie cell cast Inflammaticn inia ihe reral
tuhula

Redf coll cas Hemeerhage into Tha mnal
tubule

Red Blood cell and white blood cell casts
farmm if theee is significant inflammarion or
hemarchage in the renal tubuoles. When they
ane present i the orine, they identfy the re-
nal tbale as the site for the inflammarion
ar hemorrhage, They will not be presene
with cvativis wnbess there s ascending dis-
ease with extension of the inflammatory
proicess fromy the Bladder up I:|.'|r|:mg_|1 the
urethra oo che kidney,

Hvaline casts are an indication of in-
creased proten o the wrine. Becawse of
their appearancs, they are difhcult o see
on sediment examinanon wnless the con-
denser is lowered to accentuate concrast in
the wer preparation. Table 1004 liss the
ticvvadual casts and ther ciuses, In |:||:|1.3.'-
drated animals and animals wich renal dis-
case, fluid therapy can resul in a reansient
shower of cases into the urine as urine fow

is reestablished. This incrsase in cases does
e eneant that there is adcional damiage 1o
the renal rubules or increased prowein loss;
it is the resule of the increased urine fow
“washing™ the casts thar were present be-
fore Huid therapy was initaed our of the
tubules.

Urinary Crystals

Urine crystals form when minerals or other
constituents precipitate or crystallize in the
urine. Crystals can form in tle toboles or
i the grine, The formatoon of l,::l']l'l::.ill:. de-
pends on the concentration of the substance
ar substamces in the urine and the urine pH.
Tradicianally, crystals can be carcgorized by
thiz prH of the wrime that pronsates Formation
of the crysal, However, although there is
an eptimum pH for different coyseal forma-
rion, cach crystal tvpe can be scen in acid
ar alkalive wrine, cspecially if the pH of 1he
prites 1% near neperal.

Dictary and merabolic factors are the pri-
meary elements thar promone crystal focma-
tion. In addition, bacreria canact as & nidus
ar center antn which a crystal will grow.
Table WiL5 lists the mast common crvstals,
the wrine pH they in which they are usu-
ally found, and dhe diseases wich which they
are wsaociated. The prescmee of crvstals in
the urine does nog predice the formarion of
urolichs (urine stones),

Tahle 15, Commsn urime coylals and asscatialed oicai

Ldrine pH [haease

wewnmal in high Urinary tract irdecticn

Mwnteal 1 high Lisenr deaws, promacinial shusis, naread in dalmatians

Lo 8o neviral Hyperparathproidism, hereditary predisposiiion in minabse schnauzers
Ly 86 nwitral Etbwlene gheol inaxication

Ml pH-associaked Livwer desase, immpne-mesdiale] hemolytic anemia

Lo 80 neuiral Hereditary cpstinuia
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Adrenal Function and Testing

Thee adrenal glands are complex argans with
maubtiple functions. They play a centreal role
i1 the body's response to chronee and acute
stress by regulating blood pressore, heart
rate, bronchodilatation, electralvie  bal-
ance, and blood glucose bevels. The adrenal
glands are small peanur-shaped glands chat
sit cranial o both kidnevs (Figure 11,1},
The glands are composed of two distincrive
and separate tissoes—the adeenal cosrex
and the adreaal medulli—and each part
has a different fencrion,

Adrenal Cortex

The adremwal cortex is the outer tissue lyer
responsible for prosdecng, different trpes of
steroids for maintenance of blood glucoss,
clecrrolyies, and sex hormone produsrion,
The cortex has chiees distinet levels and com-
promises 78% of the entice gland:

¢ Fona granulosa, which is the outermase
area of the cortex and is responsible for

producing 4 steraid hormone called al-
dosterone, also called 3 minealocor-
conel

# Zona fascculata and  zoma renco-
laris, which arc the innce regions of
the adrenal cortex thar produce a
preduisone-like steroad called cortisel
and small amounts of androgens (sex
hisrmiomnes)

Addrenal Medulla

The adrenwal medulla 5 the tissoe i the
middle of the gland that s responsible for
producing epinephrine and norepinephring
rr assist the central nervous system in
tunes of crisis (“hght or Aygght reponse™
Epinephrine has the following effecrs on the
body:

o Inecreased beare cate

L ]'!lm:ld vcsnﬂ :nnstrini:m — im:nr;s:d
blood pressure

& Bronchial aivways dilation

1531
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ACTH
slimulatas

Inkibits Y 1} Etimulates fat and protein
msssmsnsnssss  GORTISCL breakdown
7} Increases Mood sugar
production

Figure 112, ACTH stimulaies the selease of canisal. Cortisel then simalates production of blocd glucose from
Taly and musch, whibs gl docnseng The prestuclion ol SCTH, This e o modgl = gallid & megativg fewil bk
lowp,

abnormally  slow hearr rhythms, response. Io is closcly linked o the sym-
Severcly affected antmals can develop pathetic nervous systent, 3 division of the
a ltfe threavening condition, called an aotenomic nervous system of the Daody,
Addisonian crisis, '|"|'|i|'|;,'phr||'|-_' is secreted when an animal
is threarened and produces the following
changes in the body-

Adrenal Cortex: Epinephrine
Prodociion ®  Inereased beare cage

L] J:III.'rl'.I.'-rE'I.I H-II:Il:HI. pPreEssuTe
As mentioned eadier, epinephrine is the  *  Bromchodilatation o increase airflow
hiotmone aseociated with the fight or flight o thie bady
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Figure 10,3, iodfam is meabeorbed and potassivm excreted i the dsal comeluted lubades dus gy the action of
aldpebercin.

e e

— >

Flgure 114, Sodmumipotassiun exchangs acours washin the ol i prnduace an skacirial wave Thisa elecircal
wemns are ke o ramal revrnlogicsd, carlinasculan arel mosculer stons, Withoul propse concenftions of
sofium and potassivim, the patienl will experience sovere weakness,

Copyrighted r‘raterial
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= Spopping incestinal movement and sali-
vitigan

= Pupil dilation

Evaluating the Patient with Adrenal
Disease

Three types of adeenal discase are com-
moaly seen in general practice; hyper-
adrenocirticism  [Cushing’s  disease), hy-
poadrenscoriicism [ Adduson's diseasel, and
pheochromocyroma,

Hyperadrenocorficism (Cushing's
Disease)

Hyperadrenocarticism is an overpreduction
af cortisal cadsed by peimary adrenal or pi-
twitary disease,

Clinical Signs of Adrenal Disease

The lallowing are clinical signs of adrenal
clizease:

= Chrooe infeetion’skion disease: Thin-
ming of the skin, generalized imcreased

pigmentation, hair loss {alopocial, rash,
ar plagues on the skin

* Polydipsia, polyuria, and polyphagia
Increased chirse, urinarion, and appetice,

& Chronic skin discase: Due oo long-rerm
exposure 0o chronic steroidal medica-
I:il'“ln, patwnks can have :_l.'mn'l:l:rin:.ll hair
lozs on both sides of the abdomen, thin-
ning of the skin or fragile skin, and in-
creased deposition of pigment.

= Abdmninal  distenton: Dee o -
creased protein catabolism from long-
rerm stergidal effecrs, the abdominal
minscalarwre Pegins 1o thin and the pa-
trent appears pot-bellied {Figure 1151

o [Panming: Fantng is afen reported as a
side effect oo increased soeroidal medi-
cition oF production,

o Lethargy: Ceoerally, clinical  hypen-
drenocomical paments have decreased
cnergy and are more depressed,

Forms of Hyperadrenocorticism

There are three forms of hyperadrenocormi-
cism:

= totary-dependent hyperadrenocori-
cosm (PFIYH}

Figure 115, Bage of a paticrs with disiended or patbetliod abdomsen due w0 long-lenm alfeces ol sesalds

diecregsing shdomiral minsculsom,
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Mo
inhitnion

== =ssssses s noreaged conigol
prodiction

Bodn adrenals
arlarga g
they produce:
more cailEn

11 Inreased muscla and procain
Eroakoawn

21 High leresks of Bleod sugar
e

Figur\t L0 IR TTH T e S S form of hypemdenocodicism #ushing dissasel In by case, micie o

Igrrec e o Thee pril

cortisal, producing Cushirg dissase,

= Aydrenal neoplasia
s larrogenic hyperdrenocerticism

Pituitary-Dependent
Hyperadrenocorticism (PDH)

This form of the disease is cawsed by a
pivaitary taor, which prodoces excesive
SLITUOLTIES ﬂll: Al TH .II'IIII Caees I1'|'-€'H|‘I.I1IIZII.-|'
rion of both adrenal glands; this resules in
canstant prodocrion of cortisal. These -

rv repesduc e ACTH, producicg, bilaterally enleeped adeened glands, which then ovepeches

moes do nor respond oo the negative oed-
back of inersised cireulating cortisol, If the
PELRIATY fuImog hecomes |.'|r|.',|,' |,~1|1:-|:||.:|'|. e N
pologic disease canm be seen (Le, seloures]
(Figure 1165

Adrenal Neoplasia

JI. II.""" A EITTACTLEAN] LS II'r ]1:.'[:1'~r.||:||.'-!'|1|:||.'1:-n:|-
cism is @ tumaer of the adrenal corres that
produces excesive amownts of coerisol. In
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l'iﬂuu- 11,7, WWilh & hemarof he advene corées, the affected aland oy
sradian decredset AUTH produchiom, chausing seoondany sl

i b bibandd . Thi
rf Ehe wnathes bedl ¢

reasing blowce] ostical oodcen
gl gl

this case, ane adoenal gland is wsually en-
Larged and the other 05 small {aerogphied).
The high concentration of cortisol and see-
I:I"IHE'IT:I-' I TEAsE |'lr- “III!.'I'IH.' i rlh' I'III'II'II:I
cause 3 decrease inosecretion of ACTH by
the piruitary through the negarive foedback
loogr. Becanse there 5 decressed cireulating
ALUTH, the ather adrenal glind a5 saall ancd
atrophied (Figwree 11,71

latrogenic Hyperadrenocorticism
].rl:lﬁ_'rl.':l'rl:l iI-I:.I1IirI:|'\-|Tr.Lr'.I1I1 l:il: CRLGETINLS

steroids (ie., prednisonct can diseupe the
necmal negarive teedback losp By caus-

2 Imcreases hlcod sugar
produsicn

produces corfisal mespeclive of the ACTH

ing suppression ot ACTH section by the
prituitary gland. The decreased circulating
ACTH  cavses arcophy of both adrenal
HI.I.I'II:I“. .I.I'll_' SRR TR 1r|‘rr|L|:|'-. FWH:.IJI,:I."
clinical signs similar to the other forms of
I:I!-'E'IL'I:'I drenocasticism. However, if the ex-
azenions sterdadds are discomntineed abroptly,
the patent develops simis of decreased
adrenal functinn and may prodoce a life-
thicatening Addisanian crisis. This conse-
quence of datrogenic hyperdrenocoetism
Ein IH' :l'u"::lil:ll."-ll. '|.'.I'Ir|1 E "ill'l'-"l' WL |1-I]r.L'|.l.l'.|| III
the RS RS 1r|.'*rr||.|:|'\.'.

It is wery difficult v diagnose mist Forms
of hyperadeenocericism with poutine blood
work, Changes in the CBC and chemisiry
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profile can support a diagnosis of hypera-
drenocorticism but shouold not e comsad-
ered dingnostic for the disease, Advanced
diagnostic tests are needed o confirm the
diagnosis of hyperadrenocoricism and dif-
ferentiare primary pitoitary disease foom
adrenal disease (see ]":|.'.|.1n:' 11,140, later i
this chapter), The choice of 3 diagnossic
procacol o evaloate for hyperadrenooori-
custt degrends on the prefesence of the clini-
ciin and the history and cincal kadaags of
the patient.

Routine Diagnostics for
Hyperadrenocorlicism

Serum Color

As discussed previowsly, it is important for
the rechnical team o alwavs evaluare and
record serum coler as part of coutine diag-
IERSEIC testinig.

Paricnts wich many forms of endocrine
discase, including  hyperadrenscorticism,
can have lipemic seoum [see Figure 11,8,

[t is imyportant o noete thar Lipamia can
ﬂl!l:l' I"l!' SO A% AN aﬂIFJLT I|"¢'|'I|"1'I. il |1|.1:|I1|:|
sample is collected from a per char has
just recently caten. In general, a ks of 12
herars 15 recommended to eliminaie post-
prandal lpemea, I lipemia persists greater
than 12 hours, the patient should be evalu-
ared For discases thar may produce aleered
far metabolism,

Complete Blood Count

The u-:rrn]:-|u|;:- hlaod count can be mormal:
however, a striss leukogram is commaonly
seen. A stress leukogram is characterized by
the folbowring:

# A slight increase in white blood cells
caunt

Figure TRA, 1= this lipemia anifzcbaal or saggesiive

i i dllie! Erckocring dfasisis thal allecl fal

melabolizn e, kyperadrenocodicism, digfees mel
lizs, and I'I:c'P-\.Ilh'c'll.il'J =) mnay iesull in lipemic serum.
I is impsttand L Ve sachnical kam o eecont changes
in the gross appearnce af serum samphes. Imaddiian,
sugpesting, undeelying discase, this charge will atec
in=hpu=e clinical chemiving valpes

#  An increased neutrophil count
s A decreased lymphocyre count
= Apincreased monocyie count in e dog

Chemistry

Changes ina rowtine chemstry proble can
be extremely varmahle, There s no abso-
fute test for adrenal discase on a routine
chemistry profile;. however, the following
seclions teview smne convimily observed
changes,

Alkaline Phosphaiase

Alkaliee phosphatase refers toa lirge num-
her of intracellnlar enzymes char are present
within the liver, intestine, bone, kidneys,
and placenta (soe Chapoer 61 Scrum alka-
lime phosphata s concenration is one of the
most coanamon CI'IIIHFI."‘- L= B ] r!'lll' 'a.'I'IL"I'I'I'
isery profile of parients with hyperadreno-
cotacism.  Incrsased  circulaning  steroids



BLES 55 Bnsenteld

April 1, M0 1041

Trim: 24dmmi= 17 2mm

Chapter 12 Adrenal funeiion and festing . 159

inceease the proxducrion and release of alka-
line phasphatase by bepatocvies. This pro-
ek s called mdncton,

It is imporrant oo note that patients with
hyperadrenocarmicism can have normal ley-
cls of alkaline phosphatase and saill bave
xignl'ﬁn:.lnt dusense.

ALT and AST

Chronike stimularion ot hepatecynes by cie-
cularing corticostermids canses e xossive ae-
|.'||.|1|1||:||‘|1:-|1 ':FI: !.'..I:I-'L'Ill.'.{'l'l .I.TII:I el r\-.":'.||r [l
heparecel lular damage with celease of ALT
and AST.

Chaolesterol

Increased cholesternl can be seen with hy-
peradrenocormicism due ceincreased tar mios
bilizarion.

lorod Glucoss

Ammals with chronically high levels of
cortisel can by hyparglyveomic, Bloodd glo-
coe in nomdiaberic animals can range brom
200-300 meidl. In 200%% of hyperadreno-
CAITCERIn |'|:|h-.'l:||"\.. I:I]ill'h:'rl'ﬁ eI CCur I.‘II.II.'
ter cnrticoete redd-indweed insulin resistance,

Urinalysis

The ability of the kidpess 1o concentrate
EIFLTH® AT I:ll.' .L:”L"'I.'I'\IZ'III |1'|- :II'II.':I'-E':I'II."\-I] [ e N by
lating corticnstersids. Animals are wseally
hyposthenuric with orine specific gravities
of L0R-1.012, Corticosteraids inhibkic the
acteons of the pituiticy horoone ADH Go-
tichuretic hormonzl, the hormone that e
wlates reabsorprion of warer in che kidoevs,
In addivion, it the disease is chronic enough,
Losa of sodivm in the medellary region of
r]w k'.l'llh"'!a"\-i Y I” l!ll."k.'l'l."-'l‘ﬁl' TIZII' LFisT] gt ﬁr-‘l!li'
ent necessary for reabsorption of water {(ss¢
Chaprer 35

Advanced Diagnoslics for
Hyperadrenocorticism

The duzgnosis of adrenal dysfunciion re-
gquizes special disgnostic tests that evaloare
the responsiveness of the adrenal-pituitary
axig, There ane several diagnostic nests avail-
alile; each bas s own value iy evalizating a
patient for abwormal adrennl function (see
Figure 111 Jater in this chaprer]. The fol-
|.l.'lw:il'||.'. LECL L e i|:w-|li;1|.'.|:||.'l.h[i-\.' =805 Conl-
moaly wsed to suppeee 2 didgnosis of hyper-
addrenocorticiamn.

Lrine Corlrsol '\Crealinine
Ratio Test

In animals with hyperadienecorticism oo
chranic stress, excess cortisal is excreted by
the l:in:l:u-.':.": L re sy the concentrition of
cerrcisa] It comipdrison t0 cregtnime 0 the
urime, A single urine sample s oboined and
subimitred v a seference labararory., Resalrs
it i ldde the following:

#  Increased levels of cortisol raise the oo
riselicreatinine vario = 1.

» A III.IEI1IIII I.Il.'i:lll\.' l:llrri"il.lllll\.'l'l.'J.t:II1II:I!' E-'IEiLI
riales our Cushing's disease.

& Apelevarsd cormisalfreatinine ragio sup-
pars, bt is o diagnostic for, lypera-
drenocorticism. Any disease asociared
'I.'||'I|‘|'I q_'|'|r|1|1|q.' stross ".'-'II.I IMSredst O I'I.l!' Likr-
il oreazinine rario,

Therefore, this et s a Eul:ul 'o-lLT\'I.'\IL'IIiII.E
test to mle omt hyperadrenocormicism.
ACTH Stimulation Test
The belloeding procedure is used tor this rest:
1. The patient is fasted for 12 howrs and &

blowsd sample is taken for 3 presgmula-
tion cortise] level.
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Hﬁul‘t T8, An s-ray image of an enlarged Mo sec-
predary to possible chromic stemsd exposure, Meopla-
sia, infectious disease, or ceher famme of lver dize s

can alw i lever enlarisminrl.

cose beciuse it is mot 2 responsive change
e Blood ACTH concentration.

Additional Diagnostic Tests for
Hyperadrenocorlicism

Radinlogy

Abdominal radiographs are used o assess
argan enlargement (e, hepatomegaly ) or
potential adrenal masses in patients wath
clinical signs of hyperadrenceorticism, Al-
theugh many discases can produce organ
citlargement, chronic inereased blood cor-
ticasterond concentrations ¢an |'|rv|:l|Ju|.'|.' an
increased liver mass (Faygure 11,94,

Blood Pressure

One of the most common causes of ca-
mine hyperiension is hyperadreneeorticism,
It is recomimended char patients being eval-
wared for hyperadrenocorticism have sys-
palic Blood pressure evalwared. Dogs with
Blogwt pressurs pc'r'sl':l:ml.ﬂ}' = [ SO=160 mm
Hi should be followsd and may regoire
Credliment.

Liltrasound

When hyperadrenocomicism is consicdered
as the likely dizgnosis by review of rou-
cine clinical diagnosoic teses, advanced diag-
ngstic sereenng tests (e, ACTH response
test, lonw-diose dexamethasone SIEP TSSO
test), abdominal wltrasound imaging can
help confirm bilaterally enlarged adeenal
glands or an adrenal mass, Ulrrasound can
help detect the Following:

= Prortary-dependent disease; Wich this
form of the disease, abdominal ul-
crasownd can help indicare modenre
(1-2 = normil siee) enlargentent of both
adrenal glands due o usereased ACTH
p:rn;hu'rl-e:-r. Fromm the prtary g_lam,l:.

#  Adrenal tumor; Wich this form of the
disease, abdominal ulerisound can help
madecate moderate enlargement of one
adrenal gland and arrophy of the other
gland secondary 1o negarive feedback
of increased Cortisel concentrations and
I:IL'L'TL'-L!’«I'.'I:I lllll{TH IL"I'L"I!'«.

Text Box 1121
Discussing Chisical Diagrosiic Tosts fo
Hyperadnenocoicism with the Cliem

*  The velerinarian is recommending initial
basedine blocd and urinalysis diagnostics
in help evaluate your pet for Cushings
disease, al= krcswn as
kypemdrenocarticism. This disease is
caused by an m'c-rprne'lclr.l:ll:m- o sa raidis
by the sdoenal Gland,

= Although mstine biood work and
urinalysis will not absalutely confirm
Cushing, these diagnostic sests will help
irndicate whether further besting is nesded
o confimm or rule oul the disease. Fukher,
ihi soating deaprosiic tests will allow the
veberimarian e assess o ather argan
dysfunclion that could occur secondary
I ﬁlrl.hlng'-:. diceasa (1., diabsies
inellimis, fver disease),
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Cughmgs disenso 15 suspeciod
haseal (m
= Ssanalmeni
a Hisery
= Physical cxam
o Inial blkood werk
|
Oypdiun | Cipticn 1 Ciptzen 1
[ [ e
[
Ikl abe=al erdargaid Lyl i | i g Corinel suppromes =] ko sopprcmion —
bk aibreral ard enaller
mecTindary aikenal — Fivd v diqnde i Al rein] mETE
I Cashing dsesw | Cusheng's deeus
Crshis s o i M il P :
/ \\_ Cushmp s dieas
Halakeral crlarped Uniaicral enfangad

Al - wdrinal and smallir

wrrimdary adrenal —

Frntary-frporekmi
Cipthirg's o surke Py mal e
Cunking s diseme
FIH-url- TR Ther dfecisian Irese jivis lam membees an i of The cliveal diagoostic preskieals thal may b

usied 80 help canfiem o rule cod hypemdrenccodicism, Thiv disgram is nod meesamt to balp diaponse tbe ofseane.
ek o urnhersiand e complenily of festimg fo fedlp discwss diagrmestic options wifl e clieal,

* | Cushing’s disease s suspected,
acvanced diagnostic bests and abdominal
Imaging may be needaedd,

The type of the disease (piniary v,
adrenaly must be diagnosed in order [or
an apprapriate reaiment proiocol g be

re omire i

Long-Term Maoniloring of the
Patient with Hyperadrenocorticism

T:rc:l.‘rm-:nl: |'|n|:|r|1|.:u|= ].'lr|.|i-¢|:." fl:lnls (k1] 4:]-.:-
strovving the adrenal cell laver thar produces
cartisol or decreasing the bady’s ability 1o

produce steradd hommones., Conteolling the
disease requires a lifelong commitment by
wWners o moniter their pers for recurrenee
of physical symproms and routine veevalu-
atign of Blood work.

Ohver timie, '|'.|.'||'i|;-:nr: wath h}lpr:'ndrcnnl,:l:m’-
ticism can develop diabetes mellitus, hy-
pertension, sseondary liver disease (steroid
hepateparly), decreased abilicy wo Gghr in-
fectiomn {immuongsuppression), muscle loss,
and skin changes from chronic steroidal
cxposure, In additien, patents may de-
velop hypoadrenocomicism, because med-
weal treatmens of the disense I.‘II:'!I‘I.'\'I:I]I"S thie
h| dn:n.'ll qc”s I;lur ]'.-mdul;l: |;||:|r|.'| 1:|1rri5|:|| .'II'II.‘I
aldoserone (see the section “Hypoadreno-
carticism,” later in this chapres).
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= Bkl L
= Bevial Bood wagai
&  Frxciomarinn

Liver Dinrads | S inds Heponanartig|

Chpr-vormiing, arhian, ATl e, [Sndon, e
With Corrern Dl r Can Ircheia

n Ciwavidrp-bawni profia

Cheai-VWeahraan, ' povksTl aoiog ohsl of rof gl b noinees,
s Nk

Yt Concemn Disgecatics San incheds

n Bia mrils & Miond preoeurn
5 LEvnesard
HHUH‘ T Mustraticsn of secandary disease; phvscal sprgiams, and clinical diagnostic s that ari el iiansd

wwhen Irealing and manilering the Palient with byperadeenocarkici=m,

Hospital teams should consider and dis-
cuss these concerns with clients and make
sure thar the owners are aware of physi-
cal signs that could suggest changes in the
patient’s disease staros and of routine clin-
teal monitocing of patents (Figure 11115
Suggested clincal pathalogy testing for the
long=term management of the parient with
hyvperadrenocormicism includes the rests re-
viewed in che following secrions.

Complefe Blood Count and
Chemistry Profile

The medical ream should cvaluare for
changes in the CBC that suggest inffam-
matory or infections dsease, Further, the
chemistry should be evaluared for changes
it liver enzymes that may suggest liver in-

jury, changes in clectrolyes to monitor for
avy changes thar could sugpest hypoad-
renccorticism, and changes in bleod glucose
concentration that could suggest carly signs
of diabetes mellivus.

ACTH Stimulation Tesf

This clinical diagnostic rese is wsed ar rege
ular intervals o evaluace the patient™s re-
sponse b mrechication and to make sure the
patient is responding to medication by sup-
pressing the prodoction of cortisel bur has
nat developed clinical hypoadeenocomicism
{Addison™s disease ). Based the results of the
fest, 1'|'|:' '|.'v|:r:':ri:r|.r|ri;|:n can i:l'.i.'l e mﬁ,lii:.]tll'll.‘l
of level of medicarion to maximize control
of the discase.
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Blood Pressure Evalualion

If the patient comtinues to remain poorly
canreelled by medication, mourine evalua-
tion &b blossd peessare should be monirensd,
If & pavien: becomes bypertemsoe, medica-
rions to control the hyperrension (see Chap-
ter 51 may be added,

Bile Acids/Abdominal Ulrasound

I the patienr begins to show phyvsical svmp
pevms of liver dissase o iF dere are changes
in the Bloed work 1o supgesr liver damage,
I.l'.l!.' il!.'i':l RIS e ||Itl."||. n'ﬂ'.'l.l[lllll!'lll.ll.'il. 4}
assess liver function {see chaprer A1 1F liver
function is affected, often abdeminal uliea-
sonnd and aleasound-guided Biopsy may
b elected oo belp weneify the type of liver
njury.

Hypoadrenocorticism

The second form of adrenal disease is hy-
paradrenscorticism  (Addison’s discasel, a
decreased producion of aldosterone andior
cartisal by the adrenal gland. The lack of
aldosterone inhibas the kidney’s ability to
retain sodivm and excrere potassivm. The
lack of corisol inhibits normal velease of
bloosd glscnse in timses of crisis or response
ter stress, Addsoon's disease s cansed by de-
strpgrion of the adrenal comex,

Disease Processes

The tallowing sections review several dis-
pass proccsses that can resule i destruction
ar loss of the cortical tissoe.

Idinpathic

In miost cases of hypoadrenocorticism, the
exact canse of the los of cormical s is

uakmown, The maoss likely disease process is
thomaght e e immune-mediated desicacion
of the corrical Tssne

Iulnnﬁrni:'

A dhiscussed in the previous sectuon on hy-
[HeTA drenncarticism, chronic gdministrarion
of sterdds can resolt in loss of adeenal
cartical tssoe due oo atrophy, When the
gngenows sterolds are abrupely disconin-
wedd, the patient may show clinigal siams
of hypoadrenocorticism, In addition, the
|J:|.||.',s maed o Lreat 1|:a|§l|:r;l|.|n.'|'|l.h.-::-r[iLu|I:'|
cin cause necrosis oF the oortzeal tissoe, 1f
the necrosis 15 ENTensive, |11.'|'|r|,:|-:|r¢|1r|.:4:.r|:i-
cism will develop and the pactient will then
need wo be creared for Addison’s diseasc.

Granulomatous Disease

Several infectious diseases, primarily fun-
gal. can affect the adzenal cortbeal tisswe. In
thiese coses, the cortical tssne is replaced by
inflammatory cells that form mualople gran-
uloimas.

Meoplasia

Cancer can spread from other osgans
(meraarasioe) v the adfenal gland o invade
fromt the pdrenal medalla and desgroy the
nornial adreal cortical vissue,

Forms of Hypoadrenocorticism

There are owo forms of hypoadrenocorri-
cism. The most common Type is called poi-
prary Adchson's disease. This desease resales
from a decrease production of zldosterone
and corrisal due o lack of adrenal cos-
tical wissue, These paricnts lose the abil-
iy e retain sodwem and  excrete paotas-
I\-|iIII:I.. PHHI.I:I..'I' FILII.":HI." '|'¢'|.'I|."'I'| r|1-.' ]:-.'lh:'rll: [£3
hypaglveemic, and respond te stress. Pa-
tienes suffering fom che primary fosm of
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hvposadrenacomicism can develop a life-
threatening crisls |Addisonian erisds) [nem
their inabilicy o balance sodiom and poias-
siwm comeenteations in blood and tissoes,

The second torm of Addisen®s discase
farvpical Addisen's discase} oocors when
the jaiiitsals lewsee thee .'||:.=i|i|:1..' i p-rll-:llx-e' clrti-
sl onlw, Thess patients have a decreased
abilicy e produce glecose when  hypo-
glycemic and eespond e stress, bue they do
not evpecally presenn with life-threatening
clectrolve imbalance,

riagnostic Tests for
Hypoadrenocorticism

Rourine Blood and wrine diagnostic tests
ave ofren made helpful in evaluatng the
patzent's hypoadrenocornicism compared
tex  hyperadrenocormicism,  The  following
changes in roeutine bleod work are often
seen in the patient with hypoadrenocorti-
ClsIm.

Chemisiry

Electralyte Imbalance

With hypoadrenacorticism:

& The body is norable to reabeorb sedivm
and sxcrere potassiom.

# The pavemt has decreased  Jevels of
'\1|'II:|||.||'|| .:ll'll;l il'l-\.\.'l'l.'.;l'\-il"l;l -.\,'n11|;cl'|l;r.\,=|l;irm n{
I SEEATTE AN

o The sodivmdpeassiem rato s de-
I.'l.'l.'il!ﬂ.'d..

# The mormal sodivmepotassium
is =25:1 (Na:Kz a ranio of =23:1issug:
gestive of Addison’s disease,

ratii

Hypoglycemia
t‘.h;u_'._l.l-.in:l-n._allg.', patients i0oan Adcisomian
crisis will have a significantly decreased

Blocsd glueose concentration. Blood glucose
=6l) mghll. should be rneseed as oo life-
rhreatening cmergency [soe t:h.lpn}r 151,

Azrntemia

When parients are admivted inoan Addis-
cibidn crsis, they are weak, dehydrared,
and often hypetensive. These Bctors slow
glomeralar Aliracion of the Blood {see Chap-
rer 51 and inereased BUMN and cregtinine
congentgariens, Dsually, the clevaricn in
BUM and creatinine concentration = mild
tor mnclerate,

Urinalysis

The ability of the kidneys to concentrate
urine is affecred by the deceeased sodium
i el remal miedulla fsee |..'||.:|]'.-1-e'r A Ami-
mals ares |_|u,:|.'|||:.- |'|]-'|'.||1::|'|'.||.:n||r||_' wiath a unine
specific gravity of 1008 to 1,012, Ir 15 im-
perriant to understand the exception o the
rule Tor dilforentating prorenal from renal
aropami: Addisonan pationts ane azotemic
with dilore urine but do not have primary
renal disease, Once concrolled with proper
medicarion, these parients will be able
comrerntrate thedr unine dnd kleer theie blood
[ OHERLY.

ACTH Stimulation Tesl

The ACTH response rest is peccssary
evaluare the adrenal glands” response o
ACTH and conbiem the diagnosis of hvpoa-
drenacoricism:

#  The normal respanee produces 4 omes-
surable moederare rvise in blood  coa-
rissl 2 houis afrer adminisrration of
ACTH.

# In the pattent with hypoadrenocori-
cism, there is nn response to cortisol lev
els afrer adminiseeation of ACTH.
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levels are generally associated with discase
that affects gas exchange in the lungs [nes-
priratory acidesish, These changes in chemi-
cal population move the normal bleod pH
away from its neurral pH 7.35-7.4 5 into an
acidic pH. With acidic pH. the body®s chem-
wcal reactuons cannod function r.||1rr.|1=.|.|;§.I and
the patient becomes weakened, sick, and de-
bilicared.

Etiology

Metabolic acidosis ocewrs as pH s lowered
i the hloodsiream. Thes occors friom 2 comn-
hination of facrors, which include a loss of
bicarbomare due 1o @ loss of body fluids, an
additven of an aboormal acid o the faid
peral, o decrensed renal secretion of acid
(Figure 12,11, The following are common
examples of metabolic acidosis:

& Loss of HOOy-rich fSuids: diarchea [ex-
cessive], ypoadrenocorticisim

Acidie Compourds
v HY - Frem Metsbchs

= Acid added to body: diabetic keroacido-
sis, lactic acidosis, antifresee mbexic-
pwan (ethylene glyeol), snail bait poison-
ing (paraldehyde)

*  Decreased acid secrenion: renal discase
trenal tabular disease}

Merabaolic acidosiz can affecr any species,
breed, sex, of age of animal. The patient
with metabolic acidosis may have a his-
terry of 2 chrome diseese that can nedsce
the body's abilisy fo excrete toxin {12, di-
aberes, renal discase, and hypoadrenocori-
cisml, & history of exposure o oxing (an-
I:ifrue::u, sl |Jait, u.'n]'.!irill :wurd:mu_l, T
a cisease thar prodoces excessive womat-
ingfliarrhea (ie., parvo, pancreaticis, HE,
cre. ). Metabolic acidosis can be subrle, pro-
ducing 2 large varety of signs but, s gen-
eral, the paciens wall show the following

Mausea
Weakness
Wil
Dehydration

- . W

To eounle:

= Eangl Excretion of boding

Feactions * ®ood Dutiers to myiom
 Taxns W (735705 R | T LT

. Matabokc Reaction '. I- S

+  Dizsegse = Otherfafer

Aridic gM (= 7,35}
Hivtigtdtaais
Meesdaiie oF pested Towin
that overwhelms the normal deris af Rensl Exsention LS OF RUFFER FICH FLLing
buffre e Severe Dvseaic) CLARENTA, FOATING
FIH-url- 123, A illgsicriien of capsative fac s Thal proclucs s idesis, T tess Balthy patisn, acidic compgonds,

such as ydmgen ons fram metsbalic resctices and foxing, lower Blood pH . Howewer repal sscrebion of Ioxins
and namnal blocd butbers counner this pH diop and mairaain nermal Tevels, I the metabolically il paticn,
e b lindng) Basan lesnd, H Tesa ol sinal eeceetion Jiae. @didition, rral lublar acidosis), arel Lo ol Ball-

rch fluids i e, diarrhea and womiteng), overwhelm the patient and praduce 2 ssver: melabolic ackdasis.
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= Cardiac aechythmias

#  Shock

*  Hyperventilation (body's response o
acidosis — decreasing CO levels)

Altered breathing patterns or hypervensi-
Lagigat can occwr as decresses in pH soim-
lage the bhncy w0 remove other acicd sources,
The Body then incrsises respirarion 1o re-
move carbon deoxide, predocing o hyper-
ventilarion respiratory partern, This patrern
of abmormal |1r\-.'.'||:|:|i:|ﬁ_ and decreased L4,
in the tace of acidosis is called 2 compen-
sating metabolic acidosis, Ir is impartane
per o that evein with a patent’s ability
tex Joweer 0¥ this may new be sufhcient o
conteal the acidosis (see below),

Respirapory  acidosis s a buildep of
|.'.||r|1|||:| -I:“:l:':ll:ll." I:II.II." fii in|.|'|r|1|'||'r I:I-!l:!fﬁl'l'l
ecchamgge in the bady ar decreased oevgens:
cic of the pacient (Figore 12,20 The fellow-
ing aee the ToST COMIAIN Cawss:

#  Inadeguate oxvgenation from anesthe-
sia (i, docreased ventilarion or puoeod
ventilarion |

= Apesthesia of a0 oetabobclly Al
patieni—i.e,, gastrodilatation velvuls
LTS

= A patient with severe pneumania

REC

Ahvecliig

Figure 12,2,
rached. the beonchi, dnio e 2

lustralion of pas sschanges al she alwolas
sl s Thes esnlaspes] drawing of the alvechs shows that axypen 15 eschanged o

The tollewing are comman  physical
YIS

o  Decrcased metabolic reactions

= Cardiae archythmia
Decreased abilisy to oxypenate fissue
Shock

If cither form of acedosis 5 nat aggres-
sively treaned, the patient can become wealk,
ill, manseons, or prome e cardiac arrhyeh-
mita oF shock, and may die

Blood was s genenslly wcluded as part
af a chimiczl |;,|i.1||_'n4'|n'|'i|; haseling dependent
upon the parient, its medical history, and
the phveical semprams, With merabalic aci-
dasis, blood gases are generally esaluated
as o part of chmeal disgnossic basaline
tioz, complere blood count, chemistry, clece
rrolyres, bloosd gases, amd urinalysiz). Fu:-
ther, it can also be veilieed 25 a diagrostic o
F:I'IIF.III.IH"II\_' IIII:I'.I.'iIrIII.' (11 ] I:II.'I:I."I'.|I1||:|I' w|1|'t|.'|-.'r
the patient 15 rq'!-.p|1|1|;|i|1|.|; tor freatment, o
obrain 4 ditberential disease Iz, and o our-
limte ereatiment options. With meabaelic aci-
clessis, thee litical diagnostc parameters are
Blowad pH, partial pressare of OO {plios),
anion gap, and base excess, This can be ob-
rained through a venous sample by nesmal
I.'(F".-L'L'rl.llll I:III\."||1I.II:|1-

(s PY]

el b Bhis image, ooppen is breathed in throagh the

e eligiide in b Bgeel. With rpgprivadiery jeodkonin, this e diisie i oeor and COR liagls icergdie in ths

Bl
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Figure 12.3,

With s al mwtalaslic ki, o sonees blocd samplo sholed B abitained ard the conmple includod

as pan of & diagnosiic baseling, ¥With sgns of respintony acidosis, an arerdal sample & indicaled. For anesthesia

paticnis, e sdalingial aneny is ofeen a good chaioe.

With respiratory acidesis, blood gases
are generally evaluared with ancsthetic pa-
teenits vnder long-term surgical procedures,
ammals on mechamical '|.'4,:nr:||.l||:1:-r'|=I and
animale during emergency surgery with
passible underlying metabolic issoes [ie.,
GOV —endotoxic shock) To evaluare the
patteent for respicatory aculoss, the clincal
dingnestic parameters are blood pH, pCOh,
piz, HOCH, and % satuvated oxvgen level,
In anestherized paticnes, an arterial blood
stick of 4 r:ul!'r]il!,y,l.l:af vesel offers easy expo-
sure o a small arrerial (Figure 12,3,

Once blood samples are ohained there is
a simple four-step algorichm o evaluare a
pacteent for acedosis { Algorcichm 12.1).

This process helps to determine whether
the pariens is acidoric, the cause of the ac-
dosis, the prognosis, possible differencial
discases that can canse the acidosis, and the
outline treanment aptons,

Step 1: Identify Acidosis

An acidotic patient bas a pH =7.35, This
factor alomne designates whether the patsent
15 actdogic .'||1|;| m.'l:.rrl'n:|1|.ir4,: freatment, A -
tiene with pH =7.43 is alkaloric. In general,
acidoric patients requice evaluation, Trear-
ing, and monitoring. In general, alkalogic

patients, except those receiving sodium bi-
carbonare therapics, will nor reguire trear-
FIEnl OF MEEGTing,.

Step 2: Determine the Type
of Acidosis

T determine the cause of the .ll.'ldl.lm.':, thie
medical team must evaluare the partial pres-
sure of carbon dioxide (pCO:). With an aci-
datic paricnr:

#  Digereased pOO; (<35 mm HG) o nor-
mal pCCE (=40 mm HG) indicans
a primary metabolic acidesis, Because
Cy levels ane low o normal, the pa-
teent s |;||,~|:l:rr.|1:in|.=I acidotic due to -
creased blood toxins, decreased Alira-
tion, o loss of bicarbonate-rich Auids,

= Low pCO: (=35 mm HG) indicates a
primary metabolic acidosis wich respic-
rory compensation. The patient is trying
e expel carbon dioxide ar an increased
rate o help counter the metabolic
acidificarion. This usoally presents with
a pahent with ;llh,:mn:l ar ;hm:-rmrll res-
pirarory cvele (e, hyperventilating),
However, this process is nor always
cntgh to reverse the acidosis,
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= Mormal pCOs (3430 mm HEG) indi-
cates a primacy metabedn acidosis with-
CRIE TEsPITATOrY COampensaron,

#  Increased pCOrh § =40 mm HG) indicaness
a primaiey respivatery acidosis, The pa-
tient has decreased abilizy 1o exchange
Balses ik [I'l!.' :||1.'!'|||..'|r II"'N'I |'||'.|.‘I |.':|r|1|1||
dinxide is building wp in the blood-
srecam. Carbon diexide is an acid and
leads pee a bowermg of the blooad pH.

Step 3: Develop a Differential List
for Metabolic Acidosis

1§ dealing wath a1 metabolic acidotc pagent,
the next step is oo develop g porential dif-
ferencial lise for the cause of the acidosis,
In many sitvarions, general blood work can
e ambiguous and, by evaluaring all compo-
nEtts 1:IF |1|1:l|1l:| s, TI:I'E' |'||-€'I:I|-\_'|'|I Frey it may I'll'
able toiselate o cavse of the disease process,

To de chis, the medical ream must eval-
e the anien gap (AG). Patenrs have
persatively and vegatively charged wons chat
help o regulace elecorical impulses, moder-
ate chemical reactions, amnd aid in multiple
metabolic functigos, The ovpical measared
ponts are cations (positively charged wons),
‘1||I.'I'| i “I:ll:lll.l'lrl ill'll:l [EEASSINIT, |'|'||.|J articms
inegatively charged jonsl, chloride and bi-
carbonare The AL is the unmeasored an-
vt i a serom sample. The Sellowing are
exammiples of these anlons

s Spulfare

Jhosphate

*  Lacranc

IMruvate

Ketoacuds

Srme p|.|'\.|11.a prosteinsaning acids
Some toxime ar toxim metaboelites

The wormal A is generally pisasured an
8-25 mmolfL. An clevared high anion gap
(=351 i the merabolic acidosis paent sug-
RURES A .I.IIIIZIII‘I.IIFI l:bl: AT0 AT ':1|r|'-:| L'IJ.'I r|q:'|:|
ion producing the acidosis, The following
are examples of some of these unmeasared
ons:

o Keroacidosis [diaberes melliousi

s Hypoadrenocortecism  {Addison’s  dis-
LT ]

= Lactic acidosis

= Ulremia {recentien of anion meiabolites)

= Toxing  jethvlens  glyeol, methanol,
el '|'.-.'|r:|||:|r|:|:.ﬂ:|-e' |smnal  lmieh,
ASTATim
*  Henal discase
A& partkent with mormzl  anion BAR
metabodic acidosis e less  commen in

seterimary medicine and wsoally assocated
with, tereased chloride lyperchloramia).
Thas s geerally coused by diseames thar
produce severe diarchea and  electoolyre
aboormalitics.

Step 4: Formulate a Treatment Plan

Wich a patient saffcrmy from respiratory
actdosis, when the respirarory acidosis is
confirmed by inceeasing levels of pCOr and
decreasing pH below normal, the goal o
treatiment iﬂ ALCTEINNEG ':F:‘.:u'HI.':IJ.t!lIII II."«'I.']!-.
Acuore eclevations in CCk char are due o the
anestheric process requice an adjustment of
sentilator setrings, or manually ventilazing
the patenc, With chronic pelmonary pa-
teenes, the goal is oo increase oxygen levels
in the rissue, The overall goals of treatment
are the following

# (In a venolator: As wich any  anes-
thetic concern, the frst step in orear-
I 8 palenl 05 b0 BNCrenss oNvgen
CORIEe I Er T .'II'lI.‘I I:II."'I.'I'l."'.I.'-H' :II1|"\-i|‘|1|'r1|.'
levels, Then the goal is to increase oxy-
gen exchange ar the alveolar level by
decrmasing the expiratery time on the
ventthitar. This produces a deep holding
breath that forces gas exchange o the
Lissie,

= Withowt a ventilaror: As stared pre-
wiously, oxvgen concentration should
I'Il" '.I1|.'I.'-€'|'I1|'-I|. .|.r||:| .II1|"\-i|‘|1|'Ti|.' Il\."-'\l:'l"i I‘II"
creased, Then the animal should be
manually venilared raking deep brearhs
uncl che patkent’s tneceased  shalliow



M: JZP

cl2

BLESDS SR isenfeld

April 15, 2010 17:X2

Trim: Xddmm = 172mm

Clraplee 120 oo Cas 173

ventilation slows o Blosd gases im-
prove. 'With manual veneilagion, the goal
is tor ingrease venrilarion ate to 15=-20
breaths per minue ar a pressure of
18=20 cm Hg. In besween cach breath,
the stop-off valve should be opened o
allowe the palil.'nt iy continue hruu.t]'li.ng
o its own and to allow waste gpases can
be expelled,

= With pocumonia paticnis: Aggnessive
therapy 1w recommended with pagients
suffering from an infections disease oh-
structing alveoli and bronchi and de-
creasing the bodv's ability to oxvgenate
s tssoes, Soane Thl:r:]'.-eul:lc I:I|'Il1‘il:l:It'I
miay be hosperalmation, intravenous flu-
ids and ancibiorics, oxvgen therapy, and
nebulizacion.

With a patient suffcring froam metabobc
actdosis, the key 1s go freat the primary un-
derlying discase. Through serial Blood gas,
response 1o treatment can be evaluared and
can be a strong prognestic indicarar for the
[nl:n:nl;"n ]'h:.'l]th sknfus. Hl:rm:rrr, m rln;icnh:
thar deo not respond o standard trearment,
Bicarbonare therapy may be considered.

To evaluate whether icacbonate theragy
s acheated, base excess (BE| should be eval-
wated, Bnse excess indicates the amount of
Blood buffer available to return Bloed pH
back from acidse level. If BE is normal in
an acidistic p.lliu'nl, there 1% mo need o oor-
rict For a metabolic problem. Base excess s
reparted in positive or negative numbers,

When faced with a  nonresponsive
mctabolic acgdosis with a pH of <7.25, the
parEnr may require inteevention ather than
bolusinga pH balanced fluid, Bicarbonate is
dosed according to the following equation:

sodivm bicarbonate imEqg) needed o bring
BE to zero = ARS |fweight in kg = 0.3}
= BE]

Alsolute value [.I’LI'L";-' 15 needed 1 thes
equarion or clse the value comes back o
negative, There is o way oo administers a
negarive amaount of bicarbemare,

The medical team must carefully monioos
the patient while bicarbonate is given. Cren-
erally it 15 recommended to give half the
calculated amount aver 30 minutes and re-
asaess achlfbase starws. Bicarbonate admin-
pstration should be vsed cauriously by an
L*:-:p:ril.mned medical team.

Last, it is imporrant that che client under-
stands the importance of monitoring blood
gas anmd inportance of controlling the aci-
clatic patient, When discusing moniorsing
Blood gas, the medical ream should empha-
size the following concerns:

*  The body requbes millkens of metabalic
reactions w0 maimain normal fencrion,
fight off infection, and deal with disease.

& | arder o r.il'ﬂdl.ﬂ'.-ﬂ thase necassany h-e;:d!.-
reactions, the bady must have a Blood pH
betwern 7.35-7.45.

® I the blaod pH falls bebow 735, the
pqllaru becomes acldotic, sln‘whg 1w
beredy's ability 1o maistain s normal
chemical reactions and adding io the
patient's patendial for illness and
disizasi,

®* O cause of acidosis is respiratory
ackdasis caused by an inability of the
bxchy e exchanpe gases in the lungs. This
i Iypically s=en with patients undergoing
lomg anesihelic procedures, ill patienls
requiring surgery; anil patknts wilnh
e moania.

s The second form of acidosis is metabolic
ackdosss, which occurs in sick animals
that havee increased bloosd ar infectious
posin bods, decnsased ability 1o remove
ioxins from the hody (for cr:amplr:,
Kielriy elisease, severe dehydration, and
otbwer cansesh, or loss of buffers {from
vomiting and diarrheap that help mainiain
el Blood pH,

® by evaluating blocd gas, the medical
lesam can identify acidaotic patients and
thix Ty af ihe acidoesis, h-nlp demtify
ks of the ac idosis, and identlfy
treatmient oplions thal can belp stabilize
the patient and imprave s akiliyy io
handle anasthesla or combat sensre
dismase,
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Figure 13.1.  The intrinsic pathwary is green, the ci.
Irinsie pustheay is Bilue, acel the cemmnn patlisag isin
Black. The figum illussmies the inleraction of the Three
palhways with feedback loops 1o amplily the produc.
lizey i thramhin, Tre thrombin prsluced then ampli-
fies the intrinsic and common pathwaey

fm‘mi:ll._gl-, theambin will d.egru de activiated
clorting facraors,

Defecrs in wecondary hemostasis can be
acquired of inherited. Inhericed disorders of
coagulation accur when the patient cativot
procluce & specific cloting factor or pro-
duces an abnormal, inactive clotring factor,
The most commen clotting factor deficien-
Cies A

»  Hemophilia A {deficiency of Bacror VI
= Hemophilin B (deficiency of Sicror X))
*  Deficiency of factor X

Acquired disprders of coagulation are
discases that cesulr in decreased  prodioe-
tean of 4.'|1:|H:|.r|].; factors From |:i'|.'v:r :|'=||.|I|.|:r|.:
(see Chaprer 6], increased consumprion of
cloring facoors (disseminated intravascular
caagulationk, or ingestion of texinsg that -
hebit the function of clotting Fctors (war-
farin toxicity ),

Factors char evalvace liver damage and
dyvsfuncuon have been discussed in Chap-
ter £, Mateents with incredased lover d]-"nl:um.'-
rwan can have decreased production of cloe-
ting factors, which can make them maore
prone o Blecd, Medical osums evaluaring
prittenits for suspected liver dessse and fail-
vre should noc draw blood from large veins
(e the jugular veinl becawse this may pro-
duce seripus Bleeding invo the rissue,

Warfarin roxbciry is oine of the more com-
nron acguired cosgelaton disorders, War-
farin is a roxin that acrs as a vitamin K an-
ragonisc, Yitamin K is cxmwemely imparant
in the praduction of functional coagulation
factors, Wikamin K is a cofactor that is mec-
essary for a speethe enzyme used i produoc-
ing clotting factors [, VI, [X, X and the
anticoagalane factors protein C and 5

FIH-url- 1.2 Daimags 1 e eoditFsdl cells paperss mcepia woan Willsfand o aeel plaredens adbsors e
thee wall of the vesse] covering she defect, Toe plalelet bBecome achvsied, undergo s shape charge, and bego 1o
aggrcgate v fom a clot af the injury, The plalelets seoneie subences and pravide tissue factor for aotivation of
The ¢ kil Bt Ol i i couigiulalion gusfhwaies arst aclivabid, prathemba s coiseeded s heanilan, thnombiin

conyers fibrinogen 1o fibiin, and fhe fibrin "glues® the platel=ts together inle a stable chai sealing oil the inguny
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Disseminated imtravascular coapulaton
LI i a svndrome that is seen in associa-
ooa with many deease processes. Any dis-
eame thar resules in o procoagulation stane
can imigiare DI, Svstemic acrivarion nf
plarelers and the coagularion cascade causes
the formation of small clots (anerotlraamly |
thraughout rthe capillanes of the vascular
system and consumprion of both planelers
and clotting factors. Simultaneously, the
fibrinalytic system is activated. Farly in the
process, the ndividoal will be by percoag-
wlable, gnd a5 the [raeess PROEresses and
platelets and coagulation Facroes are de-
E""]L'l.L‘d. o radledd I:-Iu:-.-di:lg occurs. The
conditien i best treated by addressoeg the
underlyig dismse, Conunon diseases asso-
ciated with IMC inclade hear stroke, endo-
Coxennia (sepais], severe trawma, shock, neo-
plasda, vendumows bives, and vaseulitis, The
I.'\l!'hI:III:'i IZ:IF I:I]':. [ 4] I"lE' SCETL N I:II.l:' I.II.III.I':I EII:II
in the toem of red cell r'r.1|.|;|11q'|1|:w; Inchasin-
cytes, see Chaprer 31 and decreased plarelet
numbers. The microthrombi can result in
mnlfiple organ failoze,

[sserminated intravascolar coagnlation,
widespread activation of the ¢oagulation
facrires, resules in formarion of small mi-
crocloes that ebstrucdon flow throwgh cap-
|||.1rg.l hede, This imturn lepds o cnnsymp-
rion of platelets in the micrathrombi resule-
ing in chrembocyiepenin, Coagulation tests
become prolonged when 75 of the coagu-
lntiom factirs are ahsene, Decrensed prodoe-
rion of |;||'|r|;i|'||: factors b thie liver aocurs
when 73% of tunevional liver mass is Tost,
The protheombin rime {PFT) and acrivated
E!"J.rli:l.l l|:|:r|.||:|:||.|-:r|:-|:|.'\-li:|| i (APTT) are the
most common coagulapon tess done in
practice, These rests are performed most of
ven ab A peference laboraory.

Fibrinalysis

Hemiostasis is the process of cdotring, and
fibrinalysis is rhe process of dissolution of

a clot, Both of chese processes ate complex
aid closely interswined. They aceur almost
simulianecusly with congulation limired o
the size of vessel injury and fibrinedysis at the
edge of the developing clor to lecalize the
proces of coagulation to the injursy. Even-
tually, oaice the vessel s reparned, Alroaly-
sis remves the clor and hlasd flow throogh
chee injursd viessel is sessrablished., Theres ane
care dnherited disorcders of Bhrinolvss tha
gt resianle bnoan increased tenadeney to form
clors {thrombosis),

Diagnostic Tests for Coagulation
Abnormalities

TI'I.IZ' TtaTs I.Hl'l!l 4] 1|:||.':IITi:|.}' r|'u= CHEISE ||f
l'!'ll'l'l!lil'lﬁ AT I\-nl:'r|:lr.ll‘|'|:| ke I:I.'Ilil'\-\.l." I:I'I..'II: :II:I'
dress primary hemostasis (plateler nume
beers and funeon} and chase used oo eval-
pate secommdary hemostass (clotting  fac-
rarsl, The maoss Impartant aspeot of testima
forr abnormalitics in hemostasis is sample
cellecrion.

Primary Memaostasis

The plateler count is the maosn Comman tesr
for defects i primary hemostasis, In gen-
cral, an anmmal wall noe begin o sponta-
nerusly bleed wntil the platelet nomber is
<4000 L, An EITA tube s nsed bor de-
teritination of placelet numbers, It s easen-
r1-'|| r|'|:|r TIZI-E' '.'|'||.ip|:||1|.'rl.|r|' 1% A% HCTHEMGEc
as possible to decrease the activarion of
platelets, In addition, for oprimum evalu-
artan af the plateler count, the count should
b performed within 4 hoars of collection,
As discussed o Chaprer 2, plaseles oum-
bers can be estimated from che blood film as
well,

Plateler fwnction weas should  be per-
'f-::-rrl:mn:| [E11 r]w 'I:III'I."I:Iltlﬁ_ ParieEnT \‘u-'IIII'I FlikTr=
mal platelet oumbers and  coagolation
rimes. These ase sensitive tests for placele
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Figure 11,3,

funcrion that require submission of a sam-
ple o a specialty laboratory. However,
there are in-house tests that can be done
[X3] 'i|;||,~117i|:g.' patients with |'|r|w.'ui|_': I cefects 0
plateler funcrion: boccal mucesal bleeding
i, cuticle bleeding time, and clor retrac-
e The cutiele Blesding time and cdoe re-
ErActiam tests o re very insensitive and are not
recommended. The curicle Bleeding rime
will be prolonged with defects in coagula-
tion &4 well as decreased plareler funcrion,
The clot retraction test (measuring the time
from collecrion ro complets retraction of the
clor and separarion of seram] pequines nod-
nsal platele numbers and noroel functioan,
The maximuam time for norimal retriction
of the clor is 1-2 hoors.

The buccal mucosal Bleeding time is com-
monly dope o screen dogs for von Wille-
I.l:ill:llJllu ':IiH'il s 'I'I 1“1“'] & ILJ]I‘:IW cut 1“- |E|i||.||.'
in EIH' 1|'||.|I.1:11:|| KIJrFﬂI.'!.' I.Ir rl'll.' LT Il.l'l., :I.I'II:I
the rimie from the inigial cur to cessarinn of
bleeding is recorded. It is very impoitant o
prerforrn this test o a standard and consis-
tent manner, A sandard procedure for this
test 15 outlined in Figure 13,3, If there 15
a prolenged buccal mucosal bleeding rime,
further labovatery teses are required o de-
terotine the ciuse of the ]'.-|:|r-:'|q.'r |.|}"-|'|:|1|.'-
tinn.

Seep
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A mmethodd Tee delermiming the buccal snucosal bleeding fime

Secondary Hemosiasis

The commian tests For defeces in secondary
hemostasis are the prothrombin time (FT)
and the activated partial thromboplastin
tme (AT T). The PT assav evalwares the
extrinsic pathway and the alFTT assay eval-
uates the inrrinsic patharay,

When drawing blood ftor coagularion
time testing, the gualicy af the samiple plays
a major pact i provading accunite nsales,
The wolume collected m the vacurainer is
crivical. Using the vacutainer sleeve is the
best wav o insure proper filling of the va-
curainer with minscmm ':ll.'ll:'l-:a-|:|-'sih amd acri-
vatiom of platelets. To obtain the best pos-
sible sample, place a carketer for collecrion,
Betore drawing the sample inoe the cirrate
Ltk { Bl vopl, clear e catheter needle and
tubing by drawing a smnall amount of Dlood
it g serum tube [red topl; then allow the
citrare tube to fill completely,

When using a svringe and meedle, i is es-
seribial b perforot an abranmatee venipene-
rure, If possible, change syringes afrer draw-
ing 10,5 mL of blood o clear the needle of
any rissuc of activared platclers. I'mmexdi-
ately transfier the correct amount of blood
143 r:'ll." L":IIIE'I.T'II'l:I r'lll'h:'. 1..|||.| can rrﬂ:l"i{l'r rl'll'
blood using rthe vacuum of the collection
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Chapter 13: Coagulation 101

rube, If the collection wbe s over- or un-
clerfilled, the results of the coaguelation tests
will be affecred,

It is oprimum o perform coagulation
ests within 4 hours of collection, 1f using
a reference labomrory with a local cowrier,
|:|.-1'rrri:FuE|.: arnd spparaie the p]a.sm:l. from the
cells immediarely wsing a plastic piperre o

cramsber the plasma 1o a clean plasoic tubse.
Keep the sample cold wonl picked ap by
the labaratory courier., If using a reference
laborarary by overnighe delivery, froeee ar
=200 ar lower if oesting will be delaved
for more than 24 howrs. Ship the sample
:wurnig]ﬂ with cold pﬂ.l.'h:s or |:||.':|r ice. Mul-
tiple freezing and chawing can arrifacrually

Takde 13,1, Coavmes of prolosged cledting fimes,
Primary bemochisis
T Crcome
Platcdal count D plaedot rumbar wadll

Plael i lection lests

Bucsal mucossd bheding

affect the body's abiliy o produce
iz infilal oot =40, D00,

Sant ot 30 lab when presented
with a bleeding animal with
rormal platelet number and
raarmal eliEng i,

Doras as an in-house lest for sk
of vorn Willebrand's factor (von
Willehrands diveasa)

Sevondary hemuostasis

Tcid Cascack: Afforied P brber Causas

Pl cevgend FT ExlIririic cassacks Facrcn VI gidicioncy
Hormal aPfTT

Moemal BT Irtringic cascade Factar VI or |X deficiency
Prolesged aFTT

Pruliagsed FT Bath cawcariis. Sulip e Lo duliciencs
Prolonged aPTT

* Yikarmsin K anBagonism fml poisce)
* Liver diseass
o aC

Inharited Dx:

® Factor X
* Thmarhin
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1k Cilfnica! Patiwdoge for the Vistennary Team
Table 14.1.  An avwervies of cooke | disgroaics.
Clinical Test  Qlutcome Cither Diiagnastics CasefAction
Facked cell Canine =55% Should be o marked Dehydration
wet L Fuling =45 %, e ir albumindfotal 1. Maolify welisinamai.
P, 2,  FProepase patient for
aggresive (luid themmy
Caninge =15 % Check purple top foe clot o MNodify velerinarian.
Filing =25 9% agglulinalices, Caisan:
Check albumindictal * Blocd loss
proteiim far deciease. B Chronks amemia of disease
Chaxk a blood Slm for ®IhAHA
abrammal cellularity dle. = Arifaci
splwsnCyes).
Senam Strrw-caloned W hemolyred, check PCY Docurmerd all changes 1o
far anemia; check purple serum and nodify velermarian,
nap Tor sl utimation.
W icteic, check PCY o
amemia and purphs top for
agglutinatics. Check
pabierd for physical
jaundice.
M lipamic, chick medical
Fistary foe thee last lime
[Pk abe.
Eully caat Rudly coat shold ba ik while bloed call Decreasd hully caat: vial
= 1% bl visihle coaan| and bloced filme, B o mimsna s u pprassion
Increaged baiffy coat: infections
inflammationicancer
Talal Caning: 5-7.2 gidl Lo DRl prrctiin: Evoaluaie Liaw [l prrctein can sup st
protein Feline: 5.5-8.5 gAdL BEWTE, albunin, bbeeding,, renal disease, liver
High rotad proteine: Evalumie disease, chioms setinad
PCYTR albusnin and dlismase; or possibly disepses
globulin. thai procluces a decreased
e pisporn (ks
immuncelchulink.
High toitall progein: delbydiation
oof ek That el uces an
increased iImmune response
thigh Immuncgkabulin
Adbumin Canine: 2.1-4.5 ghdl Low albumin: Evaluate Loww bodal prodedi can suggest
Feline: 2441 gl POWTR, clothing times, bleedimg, mnal disease, lbver
urinalysis, remal enzymes. disease, chromkc sniesinal
lhvirr eraymins, elisasi,
High albamin; Evaluate High total progein; delyrieation
PCWTE.
Elpid Camine: Gl-115 skl Loww Idacscntl gluicaans: Chisck Lo Islicscsdd suigaers siapsis
glucose Feline: 6O-110 mgsdL white bdood cell Modify velerinarian
comintthlood film. immedialely.

Ircrnsad blownd glucase;
wrinalysls, fruciosaming,
chamistry

Ircrogsad bl glucase;
diabeetes. mellitus, siress
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Packed Call volumea
or Hamatocrit

—

Tzl 4
E-L['I"!.'-::-m
volume —

Faod bood coll
wiluma

—

—

Figure 14.1,
ration ol red hlpod cally, boffy
aitdl =i,

IEystralice ol g POV Jube with thae pepi-

e tvwvhie blooe] callsh,

[Hsease: Heoolvsis of red Blood cells oc-
s within the vessels because whire hlood
cells are destroving red blood cells as if they
wire borcign bacreria, This change is sec-
o I.:Ii'I:I':r' T A0 DR e - e aed |:||.'|:'|!|u|:.'|!i|.'
anemia (IWVHAL

While

W kite coloration suggests an accumulition
of far within the serum or Auid pomion of
the blood, It can hayve chtecr on scveral pa-
ramercrs in the chemiseey and also can ocour
'I'I'ilh ilr!i:‘ilf_'l iir I:IJ.!M.'u'IhL'-

Artrfact; Fers chat have eaten within o few
hesuirs of blood draw may have a postprans
dial increased Far level.

Drisease: Increazed lipemia can occus with
dlesemases that alver fat digestion. The follow-
i are some examples of these diseases:

» H:r'|:-||l|11_.'n|:-i-:|.i.=:|||

o DEabetes mellicns

#  Hyperadrenocorticism  [(Cushing's dis-
T

= Hyperlipidemia

Vil

A vellow pigmentation [janndice) sugpests
a buildup of toxin from che inabilicy of the
liver o deroxify, a massive desteuction of
cedl blood edls i the vessels, or & gallblad-
cler ohstruction, Jaandice always soggesss
oae of the following disesases

= Liver disease
lmmame-medinted hemolyric anemia
v Ciallbladder disease

Step 2: Evaluate the Packed Cell
Valume (PCV) Percentage

The next step 5 10 evalumate the red blood
cell columin as L'::-mmr-.'n:l T b enrirg coel-
umn of blood and fluid. This is called the
packed cell velume percentage,

Mormal PEW

Chare 141 lists ngemal POV percentages,

Charl 140
Canime JE-58T,
Feline XE45T,

Decreased PCY

Tecreased POV canindicate dilution, hlond
clor, of anemid:

®  Dalution: IF too hitile Blood is placed n
a purple top tube, the Bloosd will be di-
luted by the EIVTA in the mebe, lowering
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the packed cell volume If there is only

a small sample available, micro blood

tubes are available from your lah, These

rubes reguire only 230=300 pl of Bload,
= [Hood clog: IF the blood is net adeguately
mixed with the EDTA, the blood may
cliat, :|n:if:|..'|:|.|..:||3.' '.||1.'n'-r'.|1|.'. the rl.'u.'k.l'd
cell vialgms,
#  Apemiaz Anemia of g decreased red

Bloesd cell ooune can be caused by

o Blood lssfineamal Bleeding: Acuie
Blood loss or incernal bleeding can
lovaver POV, When the patient acorely
Eleeds, borh POV and TP decrease as
[!:rllh':lrl FI:II]I.I.I.“ IJI':I':HE. it |1IEI'.1' Vils-
cullar sepply. Team members showlad
check wtal protein/albumin to help
determine whether the anemia s
cavsed by Wood loss.

*  Chronic ancmia of discaser Chronic
discase that decreases the body's
ability to regenerace red bloed cells
cian |'|r1:-|3|.||.'|.' 4 severe anemia. [is-
eises thar can produce chronie aoe-
miia are kidney disease, liver disease,
O CANCCTr.

*  lminung-mediated  hemolyiic  ane-
miaz As discossed previously, de-
SIriECTian ':FI: rl'll" I'I."'I‘I l'!'ll'l':HI I.'I.']I" h'«'
white hleod cells, as if they were for-
eign baceria, can also cause severe
aneinsia. Team members shoold eval-
wate the purple top tube and hlood
film for agglonnatin or the presence
of spherocyies on the bleod film,

Increased POV

Tneresed W |.'.1.'I'II.':I':'I”.:r SLGEEETS d-uh}dra-
mion, With a debydmared patient, the fo
COMmpPeTEnn of the blood EaCreases, Incneas:
ing the overall poicentage of red cells com-
pared o the colwmm of blaed,

Step 3: Check the Buffy Coat

Trramaric changes in the buffr coat can
st increases tn the white bloed cell

count secondaey o infection, inflammanion,
cr—riarelvy—neoplasia. I the white blood
cell count elevares, discuss ronnimg 2 CHO
tir the lab ree help quantitate the total white
Blood cell count and the types of whine
Blocd cells elevaring.

Step 4: Evalvate Tofal
Proviein/Alhumin

Total prowein is the sum of two body pro-
veing: globulin prodoced by the lvimpho-
crtes to Aghr off infection, and alkamin pro-
duced by the liver to carry nther chemicals
chroughaur the blesdsrrcam. Debydearion,
Bload loss, and organ discase can cftecr al-
Bmin and ches affect oal prowsin levels,
Mormal toral pregein and moarmal albwmin
lewels are listed in Chaers 1422 and 14,3,
respeciny clv.

Chari 14.2  Tolal Paotein

5.0-7.2 ghdl.
5.8-8.5 ghdL

Lanine

Feline

Chart 14.3  Alkumin
3.1-4.5 gL
2441 gidl.

Canfme

Feline

Decreased Total Proteind Albpmin Lewvels

|:|'|."'\_'I'|."'a'l'\-il'|:| IL"'".'I'..'\- rlf |'I"'|1III.'I1I'I el I ERS1Ar '|'¢'I|‘|'I
severe tloed [nss or argan disease,

With bleeding, albumin follows blood
catt threough the vessels lowernng body al-
banisin levels, Hownever, diseases thar affect
the excrerion {oss), prm;ll.lrrin:rn. or absorp-
rion of protein can also cause a low bady
albumin level, Fuoher, albamin mainains a
pELlive presanse Joncotic pressore) ad fuicd
(Sl R e 1.'||'I|'|'II.I1 l'!JI1II|:|. "I:‘-'I'Il\.'ﬁ ?I")II.I1I1FI
levels decrease, this pressure iz lost and fuid
e readily flows inoe susrounding Hissue,
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Low albomin levels can make a patient
more at risk for Auid overload and pul-
monary cdana.

Increased Total Protein/Alburmin Levels

Similar o the packed cell volume, 15 an ani-
mal d¢|1 ydr:l.te:, il ||:|-1.|:rl1:i|.1 LoMoentrabes i the
decreased blood flwid, increasing their mea-
sueable leviels,

Blood Film

As discusaed in Chaprer 3, a thorough blood
filie should be completed with a full com-
plete blood count, and blood Rlm review
is parc of a code 11 darabase, However a
brici review of blood flms while obraining
a comde 1 database can be extremely bemeh-

| B B e S i g
- B St

cial in evaluzring the parient’s overall con-
cittion. Although discussed previously, the
blood film should be evaluared for the fol-
lowing paramerers (Figures 14,2, 14.3).

Lovw-Power Review of Blood Film
{10}

A precurssory qualivanve evaloation shoald
ke dooe to dietermie the aumbier of white
Bloel cells and of microfling or giane cells

are present (see Chaprer 41,

High-Power Review of Blood Film
{TeM) =, Ol Immersion)

The following pacameters should be evalu-
ated and documented for na breef review of
the Blood film,

Figure 142, - Algorithm for evabaabing blaod fim on emergency patients.

Lopyrighted |

'T-Jili'l Il
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}

Rl Eanbaue v hkaod ool | resreal
gy whir Bagh o | 10

| Emap Cakndake platelal seuel Lndat 100
ohpsdive:

Figure 14,5, Algorithm far evaluating Blood Elm on emergency patients,

Redd Blood Cell Morphology White Blood Cells

Ked Bloosd cells should be evaluated for White blood cells shoaled be evaluated for
the following changes suggestive of disease  the following changes:

pachology:
#  Increased band neurrophils

s Changes in the pid membrane: #  Increased eosinaphils

*  Apelptmation = Masr cel] present

#  Spherocyvies

. Aca_nthmmﬁ:chmucy:cs Platelet Esfimate

= Sehistooyres

*  Muckated red  blood  cellepoly-  The plateler estimate showld be evaloansd,

chromasia

. Ehang».:i in the red blood cell internal

mogphalogy:

- IEeErt: Eu;diu Blood Sugar

L Huw;-]l-]u“;r Hud}'
*  Other intracellular changes (e, In- Blood sugar levels should be monitored reg-
fecTichus agenrs) ularly and should alwavs he obrained from

Copyrighted I'r.._'liC'I'IEll
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all critical care animals on presentation,
Mormal glucose levels are listed in Chare
14.4

Charl 14.8
Canine 60-125 mpidL. |
Feline 70-150 mg/dl. |

An animal can show severe weakness or
meerglage: sagns and o may smply be at-
tribuarable oo g Iow blood sugar,

Lovw bloded sugar levels (<50 mgfdL) can
produce the following:

* Senmares

& Wieakness

#  Collapse

A nocgNEd

= Araxia

®  Ahnormal vocalization
*  Coma

= Ihzarh

Lising a Human Glucometer

This is exteernely helptul in obraining a
gk glucose Jevel with very Lstle Blogad.
However, human glucometers ans adjusted
I [401=50) mgfdl. ﬁluqm-:_"l Ty EMCDLIrAg:
hman diaberics o ear betore glocose doops
vese Lo, Rermember 60-80 mg/dL glucose
o agheeometer may be 100-1 10 mg/dLL e
the animal.

Electrolytes

Elecrealvies reter v sodiom, potassiom, and
chloride (sec Chapres 81 These minerals ase
responsible for normal Hoid balanee i the
I'II:HJ:-".. 1.'|:I:II-I:.I:I|.'|‘II1I'I Il'r T II:lF!'III'\i!"\i. LIS~
lar contraction, and concentration of urine,
As discussed previously neomal sodwim,

chloride, and potassiom levels are listed in
Chans 14.5, 146, and 14.7, respoctively.

Charl 14.5  Sodicen (Mad
Canine 142-150 mEg/L. |
Feline 147-162 mEgiL |
Charl 1406 Chlaride nCl)

Cantne 105117 mEqg/lL.

Feline 114=-12% TnF.q|'| .

Charl 14.T  Polasiven (XK}
Canine 4.0-5.4 mEgiL. |
Feline 3,7-5.2 mEg/L |

Amimals with severe derangement of elec-
trolytes can show serigus o life-threareting
sIETS;

o Slow heart oite

e Tulse deficits

#  Muscle fasciculations (muscle tremors
shaking)

o Weakibess

& Anocexia

Amimals that are on long-term faids (=24
horurs i and wot earing and drnking can also
have severe aberratiens of eloctrolvies in
thi body, Most animals thar have viomic-
g us |:|i:|r.'|1|.':|. ALl I'Iil'-'l.' SIVETE l.'II.'L'rﬂ:II:l-'rI.'
changes, These electrolytes can be added
or balanced dependenr on blond electralyvie
levels,

Clotting Times

If there are concerns of incressed chances
of bleeding, rourine cloring dmes may be
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necded {see Chapoer 13). Mormal values are
listed v Chare 14.8.

Charl 14.6
Test Canine Feline
AFTT  T1-102 sec 70120 s
T 12-17 sec 15-23 sec

Any animals with severe metabolic de-
rangements and disease can begin to have
problems with their abalicy 1o clor, The fol-
lowang are some types of diseases chat cause
clorring problems:

Glyihlnat

splenecromy

Liver diseas: (severe)
Heat stroke

Fancreatitis [severe]
Types of cancer

Massive infoction {sepsis)

Lactate

As a parcient has decreased ability to pers
fuse tissie, conversion of gliscose inro car-
Bz divexide wncd energy 11 the cellular kevel
is also decreased, Decreased oxygen tension
at the cellular level makes the body vse fer-
mencation o produce encegy. This less of-
ficient pathway builds up lactare as 2 by-
produect; increased presence of this acid can
cause the pacient o have metabolic acidosis,
Increased body lactare represents a medical
cancern and soppaers a patient’s imability
ber perfuse tssue, & patient wnder treatment
with lacrane levels that return to normal sug-
gests thar perfusion is improving. Mormal
Values are lsted it Chart 14,9,

Chart 14.9
Test Canine Feline
Lacrare <3 s =3 8

Lacrare should be evaluated in animals
that are unable po perfuse and oxyvgenale
their tissues {e.g., cardine disease, pul-
monary disease |pnewmaeniall to assess how
severe decreased oxygenarion is affecting
the visswe, Higher levels of lactare sugoes
LIS SOVeTE CLDNCETTE 03 HImETLIl'E FI.I'IIII per-
fuse the body, As che animal is treared,
decrzesing lactare levels can suggest a fe-
sponse 10 treatinent. Fusther, pateis that
nay havie visculie compromise oo their tis-
sues (o8, gostro-distention volvulus), lac-
tare levels can suggest how much tissue
damage due 10 lack of exygenartion (is-
|:|1.-|:rl1.i=] may lae: |:||:|:ur.ri.ng. In thess ==
patsents with mcrensang lactare levels may
have mare rissue damage and dearth,

Blood Pressure

Systirhe blood pressure 15 a2 measure of
the hodys abilicy to perfuse cissue and or
gans. In am emergency situarion, the hespi-
tal peam’s alulicy oo restose nosmal pecio-
sty i the key to seabilization and a norosal
return for organ function (e.g., glomerular
filtrarion, hepatic detoxification). Mormal
syarilic nlood pressune levels are listed in
Chars 14100

Charl 14.10

Test Canime Feline
Syatolec L0140 mm 100—160 mm
blood HG HG
PrESSInG

Hypotension

Systeelie Blood pressores <100 mm Hg sug-
gest that the patient in unable to adequately
perfuse their tissues and organs. This in-
dicares thar the body is unable m fler
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cirxing, produce and eanspor necded peo-
titin i esengy sources, and poedoce an ad-
gapeate ammune respoense, Lngl Blood sys-
plic blood pressuee is =100 mg Flg, the pa-
tient is still unseable,

Trawma Patienis

I'ravma patienss (e, those hic by a carl
meay imitially come in hypotensive, and nos-
nual perfusion can be restored wich aggres-
A1V FII.I!I:I rl'll.'T:Ir':l". HI'I'-\'I."'\'I'I.'., k1% 10T
rant for team members oo monitor blood
prressude s patients stabilize so thar pres-
sures do met fise oo =1 30-140 mm HEGL In-
creased presaures alsove this leve may over-
come clots that have alveady formed see-
ondary to intemmal tranma and may restan
pnpermitl bleeding, Choce novmal Blowd pres-
sure % restored, ravma patienes shoold
have POVITE and clotbng times reeval-
pated to determine the sk of internal
Ileeding,

Hyperfension

Hypertension may ecour secendary to many
cheomic disease conditions of I'|1ilJ11||:-:l|.’.|.'|.|
e older parients, Apgressive Huid therapy
can make pattents more hypertensive, lead-
ing 1o fluid overlnad, heare failure, resi-
nal lesicns, shaschk, and dsich., Diseases char
can cawse hypertension are remal disease,
hyperthveoudism (felined, kyperadrenocnmi-
casan L :I:I'H.I".I1I:|.:,.'k. chiseasel, hearr disense, and
primary hypertension,

Code Il Database

A code 1 daabase s obtained when the
patient 15 stable and undergeing treatmenr,
sample collection amd diagnostic testing
may oeed o be pecformed based on the
patent’s comfort and seabilivy level, Code
11 diagnosics coane mio play as the am-
mal iz srabilized and moved imto 3 critical
care nursing phase, Code Il dazabases can
trclude the following:

i :|1|1||'|||;-r-:: blesod connt

#  Thorough Bloed film analysis
s Chemisory

» L'rir'|;1|:.'.~\.i~\.

s Full eleceralyre prohle

#  Blond gas

Hadiography

= [ltrasound

Code I Database

Aocode T database may contain elemenes
of all previous databases, but e s generally
oAl on .,'-:r|11'|'.h||,-1;r-|3.' stahle parients thar
may be treated in hospiral or as cutpatients,
These databases can include che following:

o Infectious screens

& Thyrowd profiles
Mdreenal axis westing
= Endoscopy

. ]..‘I]M:I'I.IhCLIFF

*  Fxploratory surgery
¥

Advanced Imape Scanning: fluorsscopy,
MEL car scan
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Obtaining Samples from
Different Body Systems and
Evaluating Cytology

Cryrolopy s the soudy of cellular samples
from Huid or rissue prepared directly on
glass slides and srained for microscapic
evilwation. Cytology s less invasive than
rissue biopsies and in some cases can pro-
vide a rapid dizgnosis char would osherwise
rake several days if done by histopathology.
The procedure for obiaining a cviologi-
cal sample is less complcared and, in many
cases, can be done withoot anescthesia, As
a resulr, cyrology offers less risk o the pa-
vient. There are rare complicarions associ-
abid with fone peedle aspiration. Table 151
lists possible complicarions associated with
different sites. The primary disadvantage
af wsing eviology for evalvarion of a dis-
e process s the facr thar anly individual
cells withous any tissue architecture ane oh-
servied, This is primarily a problem if nea-
plasia (cancer) is a concern. In many cases
af potential neoplasia, a follow-op bopsy
s needed o conbirm the diagnoss, I s on-
portant thar the client understand the pos-
sibility of further resting in these cases.
Common  cyvrological samples  include
Brsdy cavity Fluds, tracheal washes, or bron-

chaalvenlar livage (Fyid flushed in and rea-
spirated throvgh an endorracheal tube or
bronchoscopel, fine needle aspiration of cu-
taniedses or internal masses (cells deawn mira
a s¥ringel, imprints of surface lesions and
masses removed for biopsy, swabs of sur-
face lesions, and scrapings of skin lesions.

Crrological prepacarions are vswally rsd
by the verermarian or submitted 1o a labo-
ragory for evaluation bw a vererinary F!.;Il::ﬂﬂll'
ogist, The veterinary technician is often re-
sponsible for preparing the sample for eval-
wiztzon by the veterimarman or submissdon 1o
the labueratory, Technicians may be respon-
sible for performing the initial evaluation of
skim scrapings and ear swab preparations,

The gqualiy of the information obraimed
fram any cytological procedure depends
greacly on the quality of the preparation
itsclf. Obraining a high-quality cyoelogical
satmple regquires patsnce and pracice. Arti-
facts that can mterfere with cytologseal eval-
wation includes the following

& To few colls
#  Thick prepararions

3
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Tahle 15.1.
e aspiration,

Campalicatioms associaled wilh s

Camplicaiion ]

Praumcihms Laifi

Hemomhage Lewer, kidney, spleen; lune
Tumar seeding Keoplastc fesions
Baclenaimia Ahedums il or exnairul)
Sepeis Mhsoess iimiernal or external)

#  Preparations with stain precipitane orul-
rrasound gel

o Inadcdeguate staining

= Excessive lvsis of cells

How a sample is bandled prior o ini-
croscopae evaloation will have a preat m-
pact on the vsefulness of the procedere.
This chaprer provides an overview of cy-
rerlogy, with emphasiz on sample collecrion
and preparatiens of slides For microscopic
'|.'ir;wi'r|.;|.;. A shart sectiomn on 4.::rr|_1||_1|.p|:.|| hnd-
ings is included to familiarize the technician
with the tvpes of diseases thar lend them-
selvis tooa cyvrological diagnosis,

Types of Cylological Preparations

The mest commaon cytologeal samples used
i veterimary medicineg for evaluatoon of dis-
rase processes, in arder of frequency of wse,
are skin serapings and car swabs, fine necdle
aspirates of mass lesion, aspiation of body
L'ﬂ."il.'!a' HI:IiI:I‘., i I'II:I lmprinm 1:IFHk.i|l I{“.'il:l!l‘; i
excised rissue, Skin scrapings and ear swakbs
are primarily wsed o identify infecrious
agents such as dermatophyoie fungi (ring-
wrmm), mates  (Demedex spp, Sdarcopdes
sppl, veasts [Malassezia spp) and bacteria
(Stapbylococens sppl. Scrapings are mose
commonly evaluated by the vererinarian or
techiician o assist in deterimining iF infec-
fens din;'.'lm: 1% the canwe of 1|:_'.r|r|r|r|ﬁ: |:in-
fammarion of the skin) or oritis exserna (in-
flammarion of the exernal car),

Skin Scrapings

skin scrapings are usually obained by ag-
gressively scraping the surface of the skin Je-
sigm untl it Bleeds. It is important oo scrpe
deep cnough o the dermis because der-
mnmph}-rﬁ and metes such as Desenodiee .
are usually within or around hair follicks,
Although some mite species such as Kae-
ceafrtes spp are superhoial, deep serapings
will ger bosh mite species, When evaluating
for dermatophytes, a porassivm hydroxide
solurion (3-15% KOH| is often used oo dis-
solve keratin debras tnothe skin wraping.
However, KOH pr.,-]'.\:r.'lﬁn:m:. can be difh-
cult to evaluate without significant experi-
ence, Figure 15,1 shows photomicrographs
of scrapings from a dog with demodecosis
and a car with dermatophyiosis,

F|'gl.l'l't 130, fa) Demodes caod mile, deep skin
serping fram o ey with peceeralived dermalilis
fhk Arhocomdla of Secmspovuny canke small round
blue-stadning sporesl, fine needie- agpimaie of a skin
mass fram a dog with a single mass lesion,
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Swabs

Culrure swabs can be peed ro obrain cells
from a sorface lesion, a draining rracr, the
car, and the vagina., The samples are pre-
patre] by swabbing the sive and rolling the
swab onto a ].'_h“ shicis, Even I;|'|1:-|,:||.:|1 the
idenrification of infectious agents is often a
caoncern with this rype of cviology prepa-
cation, they do nor need any other srain
than mmtineg Wrghe-Criemsa szain used for
blood hlms, Bacteria and fungal clemenrs
will stain doeply basophilic |purple) Figure
15.2 shows an ear swab poeparation with
seattered Malgszezar E[, yeast elements.

Because skin SEFAPMNES and ear swabs of-
ten coneain bacreria and veasy, it is recoms-
miengled thar 2 separate ser of Saining sa-
tioms be used For these preparabons. Sev-
eral bacteria and veasr arganisms can grow
in the stain solutions, As a result of rthis
growth, stains vsed rourinely for surface le-
sions showld be changed maore often than
thasse used for ocher types ot -;,::.'T|1|-:|-E,|;r||
preparations.

Imprint Preparations

Imiprint cyrology is prabably the least com-
miom type of eyenlegical preparation. The

Figure 15,2, - Makesicka sp. mar swab from a dicg,

prepaarions are made by pressing a glass
slide onto 3 sucface lesion or by lightly
towching a portion of an excised nssoe o
the slide. Preparing a good imprint requires
paticnce and a light vouch, When sampling a
surface lesion, a twosstep process provides
the maost Lni'l:r:rnl..'u.'il:m. The hrst ir.n'prmr 1%
made of the lesion before cleaning the sire,
The second imprint is made after the sice is
cleainecl. 1T there s the passibility that a cul-
ture will be needed, the sibe should be sar-
gically prepared afrer the cvielogical prepa-
rations have been made, An impring prepa-
cation of @i excised lesion can provide a
|:|1|j|:!-: assessment of the lesion, The :lpui-
mum surface size of ssue for an impone is
less than 1 cm?. In order to insure the ad-
herence of colls o the slide, it is imporcane
ter bl all surface fuid from the sample be-
fore making the imprint, Onece the surface
is Bloteed, the rissue is lightly touched onto
the slide with a seraight down-and-up mo-
tiof IF the tissse i moved back and forth
while oo the slide, many of the cells may
byse, If the impring surface is Arm (ibross),
a scalpel can be vsed to make score marks
across the surface after Bloing, Onee the
surface s sooned, the mprint s made as de-
seribied nhove.

Fine Needie Aspirates

Fine needle aspirates are mast commonly
used to evaluate mass lestons in the skin,
subcutaneous tissee, and ssoe within the
thorax and abdomen, The primary chal-
lenge is obraining a cellular sample with
intace cells, There are several methods for
aspiration. Figure 15,3 ilhsorares owo meth-
crls for olstaanoag a fine needle aspirate sam-
ple from a cutaneous lesion,

Onee the sample is obrained, the next step
is o make the slide preparations, Figare
15,4 illustrares several methods for making
a E:.Itl:blilﬁ,u:.'ll prepa rabuan,

Onee the preparations are made, the
slides should be air-dried. These is no reason
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Figure 153, fa) Fine necdle aspirabe rechnigee using
muliiple siaby inko the masy lesion gt separbe sites,
§bl Fine needle aspirale lechnique using a single eniry
heaiigh skiey will nadivection of (e @endle withaoil
remrenveng, il somplelely Trem the mass,

b “hx” cymological preparations, The sam-
ple can be stored at room cemperature woril
srained. Do nor place the slides in a refrig-
eratoe: moisture condensation an the slide
will cause lysis of the cells, IF the slides are
ter be submivted o @ reference laboratory,
the preparations can be sent unstained, I
L APPrepriate (o s1ain & representative slide
tor mmsare thar there s sufficient cellulariny
before the sample is sent to the laboratory,
The prestained slides should be senr along
siith the unstatned slides becanse cyralog-
wal preparations can vary signihcantly in
dipgmassic quality,

Cyiological preparations should not be
rransported in the same packaging  as
farmnalin-fixed tssoe. IF the formalin leaks,
it wll .'||tr:r I:|1r :st:;nrlirq.; q1|..'|]|.1':.r of T|'||;.=
cells and make cytological evaluarion of the
prepacarion difficulr.

If the fine aeedle aspicane has a significant
armaunt of Bloaod comtamination, as is often
the case with liver and spleen aspirates, iv is
helpful to have a concurrent CRC wo help in
the interpretation of the number of leuko-
cvres prssent. If o CBC s nor available, a
l'lll:ll:h'l F.||I'|.'| (=] I'h! L'Iﬂ!d HEN 1 L'I:ﬂﬂl'ﬂl.'i!l:ll'l- If
the sample is o be sent ro a reference labo-
parory, this informarion can be very helpful
ter the cvtopathalogrse.

Body Cavity Fluids

Aspiration of body cavity flaids (plearal
fluid, peritoneal fuid, pericardial Quid, and
joimt fuod) is performed to assess the cause
of the Auid accumulacion. Body cavity fluids
should alwavs be collecred into an EDTA
peibse ifa Full fuid analvsis is needed. A com-
plete fluid analysis conssts of the following:

¢ A nocleared cell couny
& Protein decerminarion by refraccomerer
»  Cyrological evaluation of the Auid

Regardless of how acellular the fuid ap-
PreArs, it shioulel e '|'.||:;H;|;-|;| i oan BT A tube
ter prevent the fermation of a fibrin clot chat
would entrap cells and invalidare the fluid
riuclested cell coane. I the sample appears
cellular {cloudy ) and there s concern for
sepsis, an additional portion of fluid can be
submited in a sterile conrainer for cultore if
needed. The apparent cellularity of e fluid
predices the tvpe of shide preparasion used
for the sample, The blood Glm method or
pull preparation can be ueed with hemodi-
tured samples. For highly cellular samples,
the pull prepacation s most useful. IF the
sample is only slightly cloudy, a modifcas-
tion of the bleod Glm method can be used,
In this method, the push slide is abroprly
lifred off the slide before the feathered edge
= formed. This method carcies the nucle-
ated cells to the edge formed when the push
slice is lifred.

Copyrighted IT aterial
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(a) Blged Fim Preparalion

=i

) Pull Preparaticn

(o] Sguash Freparation

|

=

i

é&

1

S

HEUH‘ 154, Theeo shicke praparalics Kaohnicques or dvialogical sampks.,

bt addition, when the sample is clear or
just slightly hazy, a portion of the fluid can
be centrifuged and a pull peepa ration can be
maade frome the sediment. This procedurne i
domme afrer the cell count s performed, [Frhe
secliment preparations are submited to a
reference laborarary, they should be clearly
Labeled. Tr is helpiol o che cviopathalogist
tf a direct preparation of the wocentrifuged
fluid is submitted wich the sediment prepa-
FATICN 45 A COMM Parisen,

When body cavity Huids are submitoed 1o
a labaretary, it is recommmended that freshly
prepared unstained slides be submitted with
the fuid, especially if the sample is sent by
an overnight carrier. Cellular derail can de-
teriorate capidly over time and any bacreria
prresent, whether 31 contaminant or @ troe
pathogen, will increase significansly,

Cell counrs of fluid samples can be per-
formed using the Unopere™! just as for
Blogd samples. In-house bematology wnts
should noe be wsed o0 count body caviry

fluiels because of the increasad Fux”:il!ifg.'
that che fluid will clog the tubing in the in-
stewment. Thick prepaiations can be dilured
1:2 v facalitate accurate sampling usiag the
Unopette™! papetre,

Jovine fuid 15 a special case becawse of the
viscasity and contents of the fuid, Mormal
joint fluid & highly viscowes and, in most
[l B =t l:l'lll}' il xm.n" R LTS 1:IF Fltl:id =T hl,!
obtained, As with any sample collecred into
a vagutainer, the vacurainer must be filled
ar least oo 104 the wolume or the coll count
aid toal protein s be affeced by ovaol-
ume dhifisitan and che high specific graviry of
EDTA, respectively, If an adequare volume
cannet be obrained, a slide preparation and
a potal progein should be complered and a
WHELC coant |'||.'rl-|1r|1|.e:| |"|}' |:||.n-|.-r|}' F|||:i|1|q the
Unoperte™! piperte from the aspiration sy-
rimgge, I is impascant o remember char jodne
fluid coneans a large amount of hyalurome
actd (hyaluronan | that will precipetage if the
Unoperte™! dilurent fluid contains aceric
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(&} Ecsirogahilic iaflimisnitain. ihh Prigirasuibaialinss anllammalice wath Loge aiaciephigaes amd

Fijgure 15.5.
neutraphils. £k Mewraphilic inflammatian.

cvralogical preparations. The lack of degen-
erative meutroprhils does wor rule out sepsas,

Lestons writh linge nambers of nondegen-
erate newtrophils aften have tissue necrosis,
Samples fram a hemorrhagic lesion such as
a hemaroma can have macrophages tha
have qnﬁull"gd :r:,lthn,h::mgn |:|:r_|.'||:|rn|:h;-
gial and necleared cells (leukophagia),
With chronic hemorchagic  lesions, the
macrephages will conmain a dack purple
staiming henoglobin breakdown produc,
hemosiderin, Figure 15,8 shows several
neninflaimmarory ool types commenly
found in cviological preparations.

Neaplastic Lesions

Oneologic cytology is the evaluation of sus-
pected neoplastic lesions, This area of cyool-
agy s often the mast challenging. When a
Lo is eletermined to be nominilamnzasory
lacking mflammartory cells) or when aryp-
cal rissue origin cells are seen in 3 prepara-
tion thar is primarily inflammarory, the cv-
teloggist has o determine whether the find-
s are normal for the stee aspiraced due
ey hyperplasia or consistent with neapla-
sia {benign or malignanch, Just as wich in-
flammarory besions, neoplastic Jesions are

Tahle 5.3,  Classifications of dnflammalony proceses=.

Moutreghilic (Suppsamlived

Gireler than 85 % Meutrophal

Ensinoghilic
Grandbamalois
Pyugransdomataus

Lymphacytic

Cirealer than 0% ecsinaphils

Grealer tham B5%. miscropha g

L fhan 5% maomphages, preates than 505 rewtrophils
Girealer han 85% lymphocytes
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Figure 157, {al Meulrophilic inflammation with intmcelfular rad-shaped baciesda. h hewtiophilic nflammation
weillbe imtracedlular and extracellulor e ceid b teri, €3 Pyogranulimatigs inflammalion wigh lage Coce ook
s phensdes. () Mevirphilic milammalion with Crypiecoccns pecformans yeast, Mole the clear halo ccapssle)
arowind the yeast beddics and the small aval buds alf of two of the yeast bodies. fed Fungal myeoslsa in & canmeal
BRI, i Large mac rephags contiivang snafl Bltanlaiens capsaaliheoe voast foems,

i:lﬂi!“-ﬂ:d I'Iili.rl'E Ll k] l'l'm r.|1ur:|1-|'|-|:||u-].|;_l.' I'_I!: rI'IE
cells present.

Tumaors thar arise from the supportive
tissaes of the body are called mesenchymal
pmnas, When e s determined that they

are malignant, they are called sarcomas,
If chey are considered benign, they are
named according o their tissue origin, As
an example, a fikroma is a benign prolif-
erations of fibrous connective teesoe and a
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Flgure 158, {al Small clusser of plassa cells ano seveml larges, clear choletenal covstale darge, angular clea
Hatelibe siructuresh, @) Aspirate of 2 skin postule wish ramemes negiraphils and ssaeol suamaoos epithelipl cells.
) A large cluster of birges fat cells fadipoc e (@) Three mesathelial cells from the thorcic cavity.

fifsrosa rooima 15 the malignant counterpart
ter the fibrona,

Tumaors that arise from the skin, mucus
membranes or glands of the body are ep-
ithefial rumaors, A papilloma is a benign -
mor that arises from the squamons eprthe-
lial cells of the sking squamous cell carci-
noma is 4 malignane cumar of che squamous
cells of the skin, Glandular rumors, such as
those that arise in the nsammiry gland are
termed adenoma if besgn, and adenocara-
noma if malignane,

Boound cell tumors are the thisd caegory
of neoplasia. These wmors are mesenchy-
mal 1 1:|r.iEi:l |.'||..|I: ikl 1,:IE :.rjxi:l.g Frewn
suppartive rissues, their origin is individoal
cells thar ave found in the interstitial issues
of the body oc, i the cise of lymphoma, in
Iymph nodes. Lymphoma, mast cell tumar,

hestioeytema, transmissible venereal tonmor,
plasma cell tumor, and some melanocyse
tumars are considered  round cell tomors,
Table 154 lists several tumars with tissue
of arigin and Benign and malignant forms.

Tabde 15.4. Tumi= lamminaligy,

Tissue ol Eenign

Cigin Fomm Madignant Foarm
Cronmctive Fihmma Fihmmarcoma
[T

Bone Clateaima CIe 080 e Tl
Sruamens  Fapilkima Squamias caoll
epithelium catinmma
Glands Adencma Adenoccarcinoma
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Tabde 15.5. Collulas chamemristic <l luirsi [STESR

Tumor Type Tendency o Form Clusters

Cdl Shape Cellularity of Samyple

Mesenchymal umors Lo o mioderate

EjamFwdiil Bumir Kcakiritis ko high
Bourd cell sumars L, usually qane indvsidial
cells

The criteria thar define cach of the three
categories of neoplasia are general cell
shape, cellulanty of sample, tendency of the
cells to form clusters, the pattern of cell in
the clusters, and whether the cells have dis-
tince cvroplasmic borders. Table 15,5 liss
the cellular characteristic of mesenchymal,
|;='|'.-i|;|1c||r|].. 3.n|.'| r|:||..|m:| :rﬂ Dumoers,

The most challenging aspece of ancologic
cviclogy is the ditferentiation berween be-
nign and malignant lkesions. Although there
are distinct cellular characteristics that as-
sist in this determination, other facrs cam be
just as imporant as che morphology of the
cells, If the cytological preparation is going
i b sl o a laboratory Tor cvaluation, a
complete descrmption of the lesion, melad-
ing specific Incation and sive, is nesded, The
location provided should be as specific as
poasible. For instance, 2 “skin™ mass ngay be
e the skan (eutanenus) or beoneath the skin
isubcutancous). An abdominal mass can be
on the abdomen, in the abdominal wall, or
i the abdominal caviry. Termis such as an-
rraabdominal and mrrathoracic are moch
miore specthe than simply wsing the terms
abdominal and thorecic to describe the lo-
cation of a mass,

The signalment of the animal o5 also im-
portant in helping the cyropathologise de-
velop a differencial diagnosis if the cvrol-
ogy is not diagnostic for a specific process,
An excellene example of how this inforina-
tiom can be crucial for evalwanon of o cyro-
logical specimen is differenciating a hiscin-
cvtoma, a benign neoplasm of macrophage

Low i modemie
Aodarati i kigh

High

Elongate, spind b2, oval
Paluaoral
Roand 1o pohygoral

CFIEN sEen in voung dogs, from curanesus
Iympleoima, a highly malignant neoplasm of
Fnplaocytes, The morphology of the cells
from these twa neoplastie processes can be
aquite similar, If the specimen comes from
a l-vear-old dog with a single lesion, the
cvtapathologess will likely provide a diag-
nixsLE 1,:|E hisriq,:-t::.lﬂ:rna. If th-: ||:=iu-r| is Frvu-m
an older dog with mulriple skin masses,
all of which reveal the same cells, the cv-
teparlolemist will likely provide a lisc of
pestentia | dizgnoses that includes cutineors
lymphoma, with the recommendation char
biopsics from multipk masses be submit-
tedd for histolegical evaluation, and pos-
sible special stains o help make 2 RBoal
clingmassas,

The cell characrerisrics char are indicas
vions of malignancy are primarily foond
i the auclens. Mucler molding, macked
virtation o msclear sie (amisokaryoess),
mbtiple variably sized nucleoli or large
angular nucleoli, and abnormal micoric
figures are findings thar indicare a high
probabalicy of malmnancy, There are few
cytoplasmec characreristics that are indica-
rive of malignancy, Increased cvioplasmic
basophilia and formarion of a large cen-
tral vacuole thar pushes the nucleus te the
edge of the cell (signer ring forms) are T
cvioplasmic characteristics thar are asso-
ciated with malignane cells. Figure 15.9
shiows  several phaotomicographs of he
four types of weaplasia and allusirases sev-
eral of the cell characrerisrics thar indicare
mialigmancy.
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Mlthough  these cellulae changes  are
strongly suggesive of malignancy, (& 15 bm-
portant to remember chat in cerrain tvpes of
malignant lesions, the cells will have mone
of these characteristics. Apocrine adenocar-
cinomd of the anal sae 35 an excellent exam-
ple of this principle. The epethelial cells chat
miake up this neoplasm are usually very uni-
fodm and mav bave minimal nombers of mi-
vestic frguires and no neelear or cytoplasimic
changes suggestve of the kighly aggressive
narure af these lesions,

Om rhe other hand, hvperplasia, the pro-
cesds of erensed cell I.'IEI.II.IIJI\.'lil.Hl in respoiias
ter vtklamamation, is associated with q_'|'|:||:||.1-.":

in the byperplastic cells thar miovic neepla-
sla, When inflaommation is present in a le-
i, extreme care nast be taken fo prevent
overinterpretation of changes in the tissue
cells present, Fibrooyres in cheonic inflam-
matory besions can show several charaerer-
LETICS IIF II:I.I.I.iHI1:II1I.'}'.\_ l:"‘-r\lﬁ_'l.ﬂ'.ll'!a' i VLIRITLE
amimals, Mesorhelial cells, the cells thar
line the body cavities, often proliberane and
can form variable-sized clusters with signif-
vt anisokarvosis when flued s prosent in
these cavities, Fven the most r-:-.'|'|:_'ri|_~|'“_'-:_'|;|
crtoparhologiss may oot be able o differ-
efliLe |:|_L'|:'IL'.|'|.'I|:'|~\.|..'| from I'||.'l:a-|'||;l & inb qodme
[ R =L
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Table 4.2, Mommal sahes far caninaleling Cheenisling.

Test Canine formal Range Feline Mormad Ranpe
Alkalire phosphatase 10150 L 0= h2 LUl
A LT 3045 gl T.4-4.1 phil
ALT BGPTE -6 UL E7-FhH LWL
Ay lase SO0-T 500 1L SO0-15000 ILVL
AST (SGOT) 5-55 UL 5-55 LI
CGT 0-14 UL O-h LWL
Albumin 2.5 346 gadl 13-33gl
Tital peotyin F.1-7 8 pell 50-8,5 gl
Clabulin 2845 pidl 6506l
Total Ealindsin O-0ud mgidL 0-0.4 mghil
ALIR F2T mpkdl 15-34 myhil
Creatinine Duk-1.8 mgidL 0.8=2.3 megdL
Clucose E0-125 mgadL TO-150 megil
Calcium B.3-13.4 mpidl H.2-11.8 metdl
Phosphans 2.0-0.3 mpill F0-7.0 gl
Chigeido §C0) 105115 mEcyL T11-125 mEgl
Soclium (Mal 141-156 mEgl 147156 miglL
Pertadasuinm (K] 4.0-5.5 mEgL 3.9-5.3 mkgfl
Table &.3,  Mecmal hloesd s il

Tesl Canire Mormal Harge Feline Mormal Range
Al pH T.35-7.45 F.A5-T A5
a2 1440 mm HG F4-40r mem HG
Anian gap 1525 mEgl 15-25 miEgyl
Hilkl encirks 0-— 46 —5 - 41
Sodium bicarkanaie 20-24 mpddL 16-21F gL

Tahle &.4.  Famnal cloting limes.

Tiemt:

Canine karmal Banpe

Feling Noamal Range

Prathrambdm times (P Th

Fartial prathrambin e QPTT)

12-17 sec
71-102 sac

15-23 e
TO-NI0 e

Copyrigh

ted material
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Tabils &5 F ey diagnosics,

Cliracal Test

Mormal

Packed cedl voluwne

Sanum
Bully cxu
Total protein

Allaamin
Elood glucoss

EhiscBavelylins

Lacratbe

Cloging limes

Elkorndl prrassuing

Canine =55"%

Fdirz =45 %,

Canine <35 %

Feddne <15 %

Sirave-cedosned

Bully com shauld be <8 % bl visiEle
Canines 5-7.2 g dL

Fedénd: 5.0-8.5 gidL

Caning: 1,145 gl

Fefiine: 2.4-4.1 gL

Canimer 50-115 mg.l'dL

Feeliv: &0-1 30 gl

Sodiam [Mal—Caning: 142-050 mEgl
Fedinee: 147162 mEgfL

Charide (T —Canine: 105-117 mbgl
Feddrme: 114-126 snEgfl

Potassium (E—Camine; 4,5-5.4 mEgl
Fedine: 3.7-5.2 mEgil

Lactabe =3

(Meemal can vary fram e hine b s hire
PT

Canimes T1-10F 80

Fdirsa T0-1240F s

aFTT

Canines 12207 s

Feldne: 15-23 soc

Systalic = 100=140 mm Hg

Copyrigh

ted material
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Figure &.3. How 1o drvw Blood and handie samples
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Figure &.F. Componenis of the complese blood couns,
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Tabde AG. Comman Pkl yivsis and associaked diveasas,

Type af Cell

M oderd Shape of Cell Disease

Ehiniayliz Wumanees uniloemly distr@ubd Artileet ol drdeg, sraka hite, dehvelration,

i rerabed colll leni-shaped spilkes inkeeriled erythrocyte defects

Acanthocyies Iregularly spaced thin spilkes Promirent numbers: liver dissase, remal
with knollike iips; mo conteal disoaee, hemangiosarcoma
pallar Small nestsers: iran deliciency,

mécroangkopathy

ECCEmiimeyks Deerree eccentic displacesnen af Chwidative injury, onics laxiciy
hiamaghalin with & clear sdge

Schislocyies Sl irmeular frapgmants of the Micmangiopathy, iron deficiency
endhrocyie hemangiesarcoma, waheular sienosis

Sphwracyto Eenall dense colls with ra cemral Large numb=ers: hemalytic anemia
pallar Small nuesbure: metrangkipalhy, inn

deficiency.

Kaeraacyies Surface blisiers that rupture o Iran deficiency. micoanglopathy, eer
farsn small heen-lek oxsrainns, disaiee:

Eurr calls Ekanpate cells with spikes similar Fedimees lrwwr cisease, renal di=ease,

fowalo- 1o a crenaisd ol

echinmcyies)

Table 4T, Cavses ol regenemiive and ranregenemtive anemia,

Regenerative Anemia

Monregenstative anemia

Eilieed benws |

Imimune-meciated Remolyic aremsa
Ondclative hemolylic anemia

ErptFuiparasilog

gulation

Toaitily

Herwe e e reecplassa leckemia, necmuarns [melasiatic ]|
Hore rarmoa: fibrosis
Infectious disease FelV, chonic chelichiasis)

Chronkc renal disease dack of erghropoieting

Table 4.8, Semicpuastitatian mei boel bar palychiimasia,

Degree of Polychromasia Mumbesr of Polychroenstophilic Cellsf 0=
Faw 0]

1+ 1-2 iekagl, -1 jeat)

I+ 2-1 icdagh 1-1 fcadl

e A-& [d:l,g:l_. 2= [Can]

i+ & icdagl, =4 (cal)
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Tabdbe A 9. Raticuibayhe porcanlages and absohie numbars ared Comesponeding dognee

of tegeneration,

Reilculocyte Percentage (Comected) Ahsolute Retioubocpte

Dregree af Regenemation

< 196 (o), <04% dcal)
=4 (dog), 0,5-2% fcat)
520 (dag), 3% dcat)
= 20 (kgL =% fcath

bl O D], =40, D00 dear)

01 SCLCKHT (o, #0000 deat)

Wis migerioralivn
Mild repenerabion

150-300,000 (dog), FO-100,000/cal)  Moderabe regeneration

300000 [edegs, == DO M0 (e ath

Marked regenaration

Tabde A, Diseases associyied with erghrocyie desiroctan and mechanisms.

Bt 1 =] i
Feemralyiic anemsia

Huizinz boaky

anemiafeccendrgcyie-

assne |aied
afamia

ErpiFnparasiles

Hypophasphatemia

Tahle &.71,

[ sinare

Flereditary dis=ases aascaialed with kemrobdic anemea.

Extravascular Ferlysine macraphage
remiaval of artibody costed envihrocyles

Cridelatisn injury 10 hamoglobén [zinc,
drupsl; estmmasouber hemolysis:
macraphage removal of sndhrocyies with
Heinz hodies

Extravascular bemalysis: macraphags
remaval of infected ervthmocyies (anbbadies
to the arganism contibutes (o the
phagocylasis)

Extravascular Femmaobysis: removal of
erythirmcytes with osidasive Injuny

Comivan Bl

Intravascular B lys: hsis

al erythrocytes by antibody
an the cell surface

Intravascular Femalyses: hais
of hearily infecied
Erythinoc yies dmany b
ardiody mesdiahsl]
Intravascular hemolbss,
possibly due b disruption of
wryth sy martaksalism.

=

Phawphaolructakinase deficioncy

L
Pyruvate kinass deficiency

i Minialune schnaukaes, Alaskan malamubis
Basen|i, beagles, West Highland whilke femers, caim
ierries, miniatane pocdkes

English springer spanieh, Amancan cacker spuanid

Copyrigh
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Tabde A 04. Risks al Patiants weith recducdad hegates fanctian.

Liver Funcliom

Concern of Dyslunclion

Detosification

Formasion of
building becks

Clu i slnragn

Hepatlc encephalapatfiy: Development of neurckghc symptams: secondary (o
impregen daieaification of micnbss and Bsns, which mmain in e bady

affecling the ceniml nenoss system,

Physica! srmptoms oo to bl ofdodns and' Alrabing Increased osing can
produce mausea, ananexia, depression, vomiling, diarhea, weakniess, arel weight
leamn,

Anesnbrs Lack of medd blocsd coll prec urscrs

increzeen! ciofting time: The lhver prockeces cloting facioes that finalize chot
dairralicmn,

Hypxurtbamingmnie: Do o ek of Blad albuming the boedy can shilt fluid from
the vascular supphe 80 the tissue, increasing Muid accumulatice in the body
producing ascites, edema, aned pulmonany edema dwith patients on IV fluidsh.

Hypagphecarnia irasa)

Copyrigh

ted material
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Appendiy A Tables 2T

Table & 200 Adpoeithm for acunichicsic e e passs ralic pations (o i ig—feline.

The patient shios s sgns of acute precrestitis: r"'u k chinical d 4 ™
L e e ununlly WL
Chranic dinerhes Pavibly na symplasm * Bl can te W
*  Chamistry changes inarmylase and
lippe=—nat relishis
¥omed
|.~‘_' Foaaibly i changes in glinical diagnostics |

!

i Uwalusin gcymnced mochlitie:

o

v Uliraderd chandes i pancr tatie L
* = biopsy

LN A

¥
i H severe disease & evident, masitor For secondary
conceErns,

Caabidios el biis (Fe

= Hyperghuemia

¢ Urirs gliceis

+ liered liver snzymes
* Aliered cholegtenal

Copyrighted IT aterial
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Tabde 4 72

Element

Hoamal Finding

Eleciredyte abineenalitias, thair causes anl selonmndary concemsa

Prespnce of Ahnormality Suggesis

Sodium

Podassiuim

Chikarirde

Calcium

Fhasphorus

Camdres 142-150 mEgil
Feline: 147-162 megL

Camine @ 4.0-5.4 mEgl
Faline: 3.7-5.2 mEqgl

Cararwe ; 105-117 mfgyl
Feline:; 114-126 mEgl

Canir ;9,2-11.2 mptdl
Faline: 7.2-11.4 mp&l

Candne 1 2.3-5.5 mgidl
Feline: 3.0-7 0mghdL

Hypomatremia Associated with boss of solute from
wimiling andd diarhis asel hypasd enedarticism, Evaluabe
potassiums bevels,

Hypermatremia; Associaled with increased intake and lass
af large quantities of fluids.

Hypodalemiar Associated with chiomic gastroinicsinal

kass (vamiling/diartheal, chronic renal disease, and

kang:term 1% fluid therapy, Sevens bypokalemia can be

associated with trearset af the QKA patien.

Hyparkalimis

® Ariifactusl hyperkalemia can b= associabsd with
wpiacitic breics {lapassse canine breeds), chionic
intaslinali: itie: i and seenm ahnermalilies in
whiie blood cell count and platelst count.

® Deease: Aseociated with hypoadenoconictn and
urmary ahsiruction, Evalwbe sedium bl

& Clorsely associsted with cawaes of
hyponatremia and loss of wolule.

Hyperchloresnias Clocely associmied with hypematnemia
ared inc s intake and beda ol largs quantitios of fluids,

Hypecalcemin: Associated with exlampsia, aculnihmax
renal failure, and ethylene ghool intoxication,

Hypercalcemiai Assoc lated with specific types of cancers,
acube revl Bailun, casspresduction ol panthyeeid
hammane, hvpasdmenooodicism, specific mdenbicick,
ard gpecific fypes of infection.

sphotemiar Associated with the ireatment of the
DEA patient. If kevels <1.0 mg/dl, bypophasphoiemia
can peoduce 3 hemolyic anemia.
Hyperphosphotemia: Associaled with decreased
excrefion of phosphanes from the dneys secandary oo
renal disesse and failune, Can be alsa associated with

diseases that produce severe prerenal and postrenal
agiotaimia (Bea Chigler 5).
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X34 Cilnical Patiwddogye for the Vielennary Team

Tabsbe A 23, Elamants of the i and dhes maanings.

Wirinary
Element Homal Findirg, Presence of Abnomaliny Suggests
Uring specific  Carine = 1025 Dt wring specilic prndly cin suggest B kidesys! inability
gravity Faling =1,035 o comeenteade wnine, This can cocur senply due o ireneased Ayl
imtake joral, ¥ flulds) or be secandarny io renal or ko monal
.
Lring ghucmse Mugative Artifact: Dipcmused USG <1005 can hick gluc caaarin an e
(gl parial reagent sinip (false negatived, Further contamination of the uene
may produce a false positive.
DHseame: Trow glucosusia can suggest diabaies mellius o in soms
case sirpsued patiends wigh heergheemin and glucosuris (eee
Chapter 7).
Uring ketones Hegathe Arfifact: Test chacks for ordy one dnd of ketane, 50 0 negative
ke lnnsal ddews rrl ahways rulie el kitoemrii. Furihi, b pemitivie kitann
reaclioes can be seen wilth admirestmlion of captopnl,
D-penicillasnine, iopronin, and cysiine.
Dseases A true ketanuria is alwins presest with glucosuia and
sugpersts The patient is sulfenng fom disbetes kelaacickasis [see
Chapter 7).
Com|ugated Hegative Artifact: Can show false positee hased an contamination of
Lsilinsbsin sampie.
ihilinsainurial Diceirse: Can soppa i evidence af liver disease, (MH &, o
gallbladder ohsinaction in the patient.
Elond Hegative Arfilacl: Temt can show positive for hloed, hemuoglokin, ar
therratarial myyuglobin, Dissase that affect red blood ool detuction deg.,
IMHA] o e b el siise coan Cause inc reased meloaee al
hemoglobin or myoghohin and make this test falsely positive. To
hed p condinm the diagrosis of hemaiuria, the uniee sgpermatan
shisukl b wvaluated alter thee srine is spon, Patienls with Brug
hematauria will hawve a clear supemaiant because the cells have
b condensed ima the pellet.
DH sz Homaluria srfgealn i i thal prciduces Bloading inla
the wrinary bladcker—e. .. urinary tract indec lioees, uninary crystals
and stones funcdithlasi), or bladdeoreral rmons.
Protein Canine: negative Arfiifact Arifactual prosednuda can ocour iF uine pH = alkaline
(preteinuial e Irace (=751,
Feline; negatne Disease; The presence of wine pralein (especially im diluber ur neh
can suggest evidence of urinary fract diseass or remal dissase with
plemerular darmaga.
Sedimant— {<0-2 WELC hplh Evidance of increased white blood cells suppons the pesence of
white blood irde: o ar mflammation within the urinsry fract Increased while
cells ke ceslls aoe most comenanly ohsereed with winary bract

e e,
Sodimant— 1=0-1 WEC hpih Evidance of incromsd mod ol ool suppects the presances af
resd blood bdeeding withén the bladder suggesting urinary tract infections,
cells chranic bladder crtals o siones, o Bladder or renal tumors.
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Tabde 23, (Continued)

Urinary

Element womal Findirg, Presence of Abnamality Sugpests

Sodimani— =124l Ireriasid ovidones of epithalial cells can sugged thi grasoncs ol

epitficlial cells soaree s of Blackler cancer. When noted, the unrary sample
should be seni i the lab for cyiological esaluation.

Sediment— kone True bacierial or furgal elements in e wine supponts renal or

B s o wrinary tracl sk ticn, |1 thesa el ase nated, thee Fypee of

fungus mikcrnorganism should be documenied, Further, the presence of
white bood helps o fuitber confiren thai an infection is evident.

Casis— hegaiive Caused by Frolenunia

Frgaling

Casii— Fsgialive Thar prevsence of granular casts can suggsst sonal ubular nagensis.

grarvilar

Casls— megalive Limenmweom, Their pressnce does sugpest serious remal dissase and

cellular ies cause |5 dependent on the tvpe of cell faund. Red blood ool
casls sugiesl revul Fesemhage oo infmaalian, whamnis white
bicad cell casts sugpest renal infection.,

Casis— waxy Regative 1§ evident, they can suggest chronic renal hebular damage
secandary bo cheonic Kidney disease.

Casiz— faaty Regative Can suggest patkents with increased fat conient, most notably in
their Cill.

Crystall— Mepalivie Artifacl: Can precipitale oo in semplis That 58 ke king s mom

triple temperabune,

phasphate Diseases Suggesihve of crystallizallon of magresium, phosphons,
and arenanin oul of diotary abesets in uring with an alkalies pH.

Cryitals— hagative Artlfact: Can precipitabe ool in camg les that 6 o oo Bng a1 oo

calcium temperatune,

onclate Diseases Suggesthe of crvstallizalion of calcium and oxalate o of
chistary elements in e with am acidic pH-

Crystali— hegative These crystals are evident with ethylene ghycod inloxication

mranchyedrale Gartsbrea b wilhie the limd & hours al ingestion.

calcium

colaie

Crystals— Megative mormal findéngs in concemtraied urine in camines. Can suggesd

Bilindain dizeases that prosluce yperbilicckhinemio g, liver disease,
gallbladder chsinection, or IkH AL

Crysals megative Evident in patients with liver dysfunction and in dalmatians.

RO

biurate

cryatals
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Tabde A Z7. Primai ¥ P Lk,

Test

Clulcome

Flatelel courd
Flatelet fancion lesls

Buccal mucasal blesding

Takde A 0. Sedalary laimoatisic.

Decreased plaleks number will affect the body's abiliby 1o produce the

initial ehat [< A0 0L T

Sent oul 1 lab when presented with o bheeding, anémal with normal
platedet mumber and normal clotting times,

(o as an i hiowse lab st for lanck of von Willebrard's faciar tvon

Willabrared's disiass)

Test Cascade Affeched Possible Causes

Frolonged FT Extringic cascade Factor ¥l deficiency

Moemal aPTT

Yeemal FT Intrinsic cascade Factee Wl o 1X deliciercy
Prolonged aPTT

FProlonged FT Bath cascades il ipk= Eactor deflckencies:
Prolonged aFTT Vilamin K antaganism (=1 paisen)

Liveer dina pre
oic
Iebaritisl D17
Facior K
Thrambsn

Copyrighted maierial
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Tabde & 79,  Crardow of Crocke | diagraondics.
Clinical
T DOutcome Other Diagrostics CaussAction
Pl kel Caning >55% Shiewld b & kel Dedrpdratin:
cell Feline =45 % imcrease in albyming Mlify weberinanan,
walume tosal proteln. Prepare patiend for aggressive fuid
therapy.
Camine <15 % Check purpbe g for iy weterinarian .
Feline <25 % clot or agzlatination. i
Check albuminiotal % fHlood loes
pratein for decnerse ® Chronic anemla of disease
CTRTErY
= Ariifact
Senam Sarary-0o b red If Feerealyzed, chedk Daocument all changes o ==rum and
POV far anemia; check notify welernarian.
prarple g far
agghutination.
If icterke, check PCY
T anemin sl purple
top for agglutination,
Check patiest for
phrpsical jeandic,
IF Bipemic, check
maxdfical histoary for the
liasl firrser patient ane.
BEully caal Attty el sk ha Chsrck whiae Bkl call Deincrisasizel Bully coal: wiral
= 1% bt visihle cound ared hlocd film, infeclionfimmunosuppression
Increased buffy comt:
Infectiondrdlammation'cancer
Tatal Camine: 5-7.2 gL Low indal pralein: Lo tatal proein can sugges)
plein Faling: 5885 gl Ewvaluwane FCWITR blecding, menal Eaae, liver cliseass,
albumin. chirondc indestinal dissase, or possibly
High tofal proteinz disease that produces a decreaced
Evaluate FOV/TR, immasne mapanse [|ow
albumin, and globadin,  Immunaghshulin].
High iotal projein: detydration or
alipiasae tRal prdacis an inc s
immane msponse thigh
immanaghabulin
Albumin Camine: 3.1-4.5 g Low alhumin: Evaluate  Low sotal prodsin can suggest

Feline: 2.4—4.1 gl

PCVITE, clatling limees,
urinalysis. renal
enzyais, liver
(EI O

High alhurrsn;
Evalusabe POVTE

bleeding, renal dmease, liver cliseass,
chroric imiestinad d isease,

High 1ol praiein: detydration
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Approdiv Ar Tables 233

Tabde A 39, (Coetinwed)

Clinical
Text Clute me Oaher Diagnostics Causs/Action
Bl Caning: B0-115 sl Low blocsel glucese: Lenw Erbivinadl sasgar: brsia
glucnarn Feline; 60-1 10 mpddl Ehﬂ:h “l::ﬂblﬁpd eell piiify weberinaran i"'"'ﬂdifl'l'!"l"-
Increased blood glucoee: diabetes
Iracriasad blood melli s, sress
plucoss; urinahsis,
fruciasamine,
chamisiry.
Electdytos  Seslium iMak Cheminy Decrease In ol eotrolyies |5 caused by
Canine; 142-150 mEg/L Urinalysis vamiling, darrhea, Ausd thempy,
Feline: 147-1462 mEgL Increass in potassiums FLLITEL
Chiorkde 1C1): hypoadrenccericism
el 103117 8B L Mty veterinanan immediaely.
Feline: 1 14126 mEpL
Palassum (K1
Caning: 4.5-5.4 smEgl
Feline; 3.7-53.1 mEglL
Laciaee Lactale =1 Blood gas Increased lactate supports decreased
|Although ramal can | |ty to ooy genabe Hatee (perfusiond.
vary feorm sachives G This makes B T Brurm svsrgy
machine.| thraugh fermmertation and st
huilcks up. Seral lactases serve a5 a
meeikar ol hawe thi hedy is
responing 10 neatmend 40 increased
nuygenation of hlood and hody
parfsscin,
Clotting PT: Ire resasind clotlicg Ine rsisie] cdatling limss suppein th
bimies Canine: 71-102 ec Hirreess: Evarluate patient’s abdlity fo chiol blood fses
Feline 70120 e PCVITE, albumen, CHC Chapier 131,
&FTT: [platelet cound], Matily weterinarian immeciaedy.
Camine: 12-17 sec
Feline: 15-23 sec
Bl Systodic = 100-140 mm &ny abinonmalities, nolify weberinarian
AL Hg iy

Copyrigh
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Wikl g ifinafion or chobs.
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Takde &30, Adgptithen: Ewaluating hlissd lilm on e ey paliimis,
B Bl Ewabane isd oo cad wal
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Appendiy Ar Tebles 235

Table &30, (Coeciased)

}

Spe i1l Ematadi rind Dasind Cobd 18 b3 1

B I Chamo

g

‘Enlimatad

fo eyl popudrions of

-&._p';'- SR . =—

Il = It evwrage

Table A7, Complicaticns associaled with fire reedle aspiration,

Complicatiin it

Preumethar Lung

Hemarhags Lives, &ickey, spleen, lung
Tusmar swisding. Neaplasiic luskans
Bagtummia Al (interral ar exhemall
e ‘Abscess lintermal ar exiemalk
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X Cilnical Patiwnlogre for the Vielennary Team

Tabsbe A 32, Crilaiia fior ¢ Lacieeityd g, Bcecly CanEry fluidds.,

Type al
Flugad Faobal Cell Count Taial Proesin Assoclaied Dissases
Transuedili Liss than 101 Lavis than 2.5 ghil Pratain-kasing rimal dizaie,
protein-kasing Gl diseaese
i fled BRI - STHN 2.5-0.5 gl Cardiac disease, chonic lver
tansiidaie i
Exudain Creatgr Than S0l Cirealir than 3.5 phdl, Farntcnilis, pleuritis
Tabde A 33, Classilican oo nll 10y pari i
Meutraphilic uppurative) Crealer tham 85% neuirophils
Ecsincghilic Grealar tham 50% exinaphils
Grarmkimalious Cirealer Bhan A5% macrophapes
Fyogramslomalous Less than 50% macmphages, greater than 500 rewtmphils
Lymphacytic Greatier tharm 85% |vmphocyies
Tahle A.34.  Tusven et iy,

T o Clrigim Benign Farm walignam! Frem

Conneciive b Hbenma Flbrassroma

Rears: Dinkisima e e e

Squamaus epithelinm Papillcena Sramons cell cancinoema

Cilaneds Acleneama Ackecarci noma

Tabde 835, Ceflular charctenstic of lumor ypes.
Terchsncy lix
Tumor Type= Fom Clusiers Cell Shape Cellulanty of Sampk=
Mesenchymal umors Lo i moderaie Elongaie, spindle, Lena b0 mockeranes
ol

Epitbeelsal umams Adapduraly 1 Righ Furlypainal Mieslomle, b high
Eound cell imaors Loaw, wsuadhy are Raund s High

ireclwiciuad cells pofvgonal
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Clinical Pathology for the
Veterinary Team DVD Instructions

Intreduction: The follswing marerial is o
hielg each participant ger the full enjoviment
af the usteractive case studies which expose
the student o medical hissory, physical ex-
amination fndings, clinical diagnoseics and
virtual slides o bedp them ereate problem
lists for cach case. lv is dmportant e un-
derstand that the goal of the progran is to
have the stndent praceice their knowledge
inan interactive envirenment; it is the e
sponsthiliey of the vetermnacan e interpret
medical kistary and physical exam fndings,

recommend clinical diagnascics and evalo-
are the outcome,

Companter  Roqueraments: The  Power-
Thavimer program can wark on any PLY Mac
cemputer with a CTR=ROM  DVD drive, In
arder to uilize the virtoal slide pomion of
this program, Mac Users will need ro have
software that allows the compater to emuo-
lace a ML I'h_'ul\:rnp- SNVITMNENT, Scan soope
should then be loaded @nro chis portion of
the MALC inverfaoe and be utilized with the
117,

237
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B Clnicad Patbadagy for the Yisterinary Team

Opening the Program:

Step I: Open Program Bomon and Click on my comparter
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Appendic B DV Insinseciions

Pt

Spep I Open | Double Click) “Cliv Pafl CD Foldes"
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Appendiy B GVD Insinectiops 241

Most compurers will have a pop-up which asks do voun wani to open this file, please click
on Mok,

CASE LIBRARY

Cawai i

oDy by ik T b OO0

Inaial Eoast Ecaps Exf Progeam Tab

Seep Il Program will open, sclect next,

RO i | T | A
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2 Clnical Patedagy for the Yieterinary Team

Step I Read Aperio software agreement, accept agreement and select mexr.

Step IV: Aperio will make soggestion where Gle will be placed on hard drive. It is a very
small file and in most cases it will place the file on the hard drive, Selecting next will starr
ansallation,
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Appendix B GVD nsinachions 243

Step Vi Fimish - When done, exit oor of scan scope and re-seleat the CI-ROM program

[reperr
e LTIy,

g e g — -
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XA Clnical Patbadagy for the Vieterinary Team

Trage Examg
*  Temperarure:
Fulse
Rspiracion:
Capillary Rehll Time:
Mucus Membrane Color
Fvdrariom:
Menrarion:

Where should the parient be placed?

Lobby ! Exanm 5 Tiech : Emergency ﬂ

History Quetons:

R I
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Appenaly O Clieleal Pathodogy Warksheets 2449

Full Exam — List Abnarmal

Cardiovascalas

Hlespiratory

A bdomen

Lymph Modes

Integumiens |;'-:l:||1'|

Ewes # Fars ) Mose ! Throat

E'lq.'rlrl:l|.||.||.'|:i1.'-.' ﬁ}'!dunl

Muscnloskelkeral System

BMeurologic System

Frobelem Last — Based oo History & Phesieal Examonation

+ o

[,
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E ]

Appenaly O Clioleal Patheiogy Worksheots 251

Blod Film:

Concemn Ohservanion

Agglurinavion vs. Rouwlsuny

Bed Blood Cell Membezane

Eed Blood Cell Inrernal Archizectore

Abrarmal Red Blood Cslls

Impression of White Blood Cell Population

Plateles Evaluation




Hidden page



Hidden page



I J£P

appc BLESOS 5 Hosendeld April 15, 20110 17:20 Trim: Zddmos 1 72mim

2 Clinicad Patiedoge for the Yetorinary Team

Bload Gass 1 nor gering a Bloed gas wath this case, please move we the next rabkle

Climical Test Finding Congern

Clotting Timez IF not geeting a clottang oo wich this case, please move to the nese able,

Climical Test Fiandiag Concein
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Appenaiy O Ciokeal Pathedogy Worksheets 255

PFroblem List — Based on Clinical Dhiagnosric Testing

ol e il

1y,

bt Tl.'hlilly, = Mewse write down other vesis diar should be evaluared:

SRR e R e

(Casmmenis:
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Additional Resources

AITI:II ILIHI'I r-.'ll."l'l."' e |'||.ﬂ:|'!¢' & KI.'E'I]I'TI': I:I.'A_'I'Irl}_'ill
books to help create 3 good medical librare,
che aurhors sugpest the following,.

Books

Tihe § Mirwte Viterinery Comsult: Canine ard
Fadime, Third Ediricn. Tilley, L, and Smich, F,
Wiley-Blackwell, Ames, [A, hardoover, 2009,
15K 978731 7-T063-7,

Eszertzals aff Vielerimary Heoratsdogy. Jam, Heou
C, Wiley-Blackwell, Ames, 1A, la edinen,
1995, ISEM f97H-08131 14379,

Cletcal Arafoney and  Plysialagy for Vererd-
iy Tedtwitctdns, Colville, T., amd Bassert, .
Misshy, &t Lowds, 2002, [SEN #b-323-00815-
1.

'I"-:'i‘|'r|r.'.\,lr_l.' Hiersirodi Wy Allas |.l|r'|:.'|||r.l||.lu.ll -
mpestic dred Mon- Dvsmesdic Speraes. Heagan,

Willom [ Ity Roviea, Asomando B
amd DeMicola, Devnis B Wiley-Blackwell,
Ao, A, Id edivicn, 200K, ISEM #9978
ME13828091,

"u_'i‘.e'hr.'.'lr_l.' “|'II|'|'J|'|.I.'|.I_|¢'_'|' i il rff:-._-m.'.:r.r:.-.-
Text aived Chirval Ciige Pregentiaiios Sed.
Thrall, Mary Anra; Raker, Dale O Camp-
bell, Terry W.; and DeMicola, Dennis B
| ;|,'||'-;|I{|||| Williame & Wialkins, S, Lowis, 1=
eclizzon, 2004, ISBN #97H-07K] FAR54,

Tl Vererirary Medical Team  Hardbomk.

Fosenteld, A, Wiley-Rlackwell, Ames, 1A,
20ET, ISEM #97H-0-TR17-5759-1,

-

Online Resource

Wirkae Univessiry: Clnline peagrams in <en-
maney, denatclogy, endogrine, hearrwonm,
andl manageme it wawovirbacuniveraty Coon

2hd
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Alkaline |'|h|:|-:|.1l1.:||:|w SALF or ALF
Whapoer Gl A phosphatase present
within the liver, dngestine, bone, Eid-
nevs, and placenta. On most chem-
sty Nn::h, allzaline |'||'u:h'p|'|,_||;,1 £ getive
ity represents the combined acrivity of
all cornbimed tisswe alkalie ]:lll.l.ll-|:l|:|il1i'l"\.l.'
lewels.

Amylase (Chaprer 71 A |'|.1n|;n_'-._=||:i|; MEVIIE
that cleaves large sugar molecules into
siballer single sugars.

Amylondosis (Chapter 6): An accumuala-

tien of an imert protein o the liver
thar can chremicallv desrroy noemal liver
LissUe.

Apermia {Chapier 20 Decreased circulazing
ervthrocytes,

Anemig of chronie disepse i} hapier 1 Ses
vere anemia produced by a chionde dis-
case that decreases the body's abtlny o
regeterate red blood cells,

A ngiqbrunhiqm {Chaprer 5): A harmione i ihe
Pasdy thar is acrivated by eenin to help
cange @ podent constriction of the blosod

vessels,
Amon [Chaprer 120 A negatively charged
i,

Apion gap (AL (Chaprer 121 The anmea-
sured amions o2 serum sample,

."LI‘II'.“k..‘IT'_I-‘I'lHi'\i [Chn prer 136 A martked var-
arion in nuclear size.

Aplasec anemia [Chaprer 43 A sovere ane-
mia produced by o lack of progericoes
cells wathin the bone marrow,

Anoies |IZZ|'|.||'|r|," Gl An gocwmulation of
fluid in che abdoemen secondary o lives
dysfuncrion,

Agpartale wimindstransferade (AT} -H.El.'.p'l:-.'r
G Anoineracellular eneyme, present in
all cells, which has higher levels of activ-
ity in muscle and liver cell damage.

Azapema (Chaprer 51 Increased Blood am-
AL,

Babesinsis (Chaprer 40 Ao infocrion or dis-
e catised by Bobesrd cdnes or Balivse
gthsony, imternal ervthroparasises within
the ervihrogyvie cvioplasm,

Band peurophil (Chapres 41 An imina-
twere veutrophdl sehaose nucleus s nor seg-
miensed.

Basophil (Chapter 3k A whine blood cell
char is rarely seen in peripheral Blood,
Although s funczion s onknown, fun-
Hill iII:II.‘I rlrl:l'il'i'.ru_' IIIII.'I.-h':HI.T TR S rl'll'
basnphil population,

Basophilic stipphng ({Chaprer 41: Stippling
af erythroeytes that s characeerized by
e basophile reticulim seen an Wright-
Giemsa stain, The reticulum s agmre-
gated KMA (just as in reticulocvres) and
1% RLel THIEL |.l|.'|.';hil.|:|1'_'|i.|:.' Seel i1y regen-
erifive ill:ﬂ'll'.iJ.-

Bemmard-Soulier syndrome ({Chaprer 13 A
genetic plareler funcrion disorder chat
inhibirs platclers from adbering o von
Willebrand's Factor.

Bile acids [Chaprer Al Chemeals proguced
by the liver to belp emulsify Far wichin
the small inresting.

Bile camaliculi (Chapaer £1: Smiall chamiels
i the lover that rake detoxibed oxins
inie the gallbladder,

Bilirubin (Chaprers 3,60 A toxic metabolite
prosduced from the vod blasod ool deserve-
ton i the spleen and the breakdown of
hemaslnbin,

Blood folase levels (Chaprer The A measume
af thee blood leviels of the B vitamiin folane,
Low levels can help support chisonic gas-
eroantestinal cisease and bacrerial over-
FrOWEL.

Blood wrea nitrogen (BUM) (Chaprer 5k
Blood wees pierogen a5 an amalgamarion
':!ll: EW SIIMTEIr g ||.'|I:|]I'I.'||II"¢ r‘r‘:ﬂ]lll.'l.'il I:l'l'
El'll:' ||l.'|.‘-r.

Bowman's capsule [Chapter 55 A special-
ized flering structuee within the renal
COMTER,

Buceal mucosal bleeding time (Chaprer 135
A climical diagnestic commonly done to
sepeen dogs for von Willehrands disease,
Aosmall shallow cor 35 made i ghe mo-
I."::l‘-.l.l 'ﬂ.lrr-ill_'{' |:IIrI'|I' LIppsr .IT.h .I.II':I ll'l.l:' TIEThE
frovm the initial cut to cessation of hleed-
ing is recorded,
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which places the patient n a procaagu-
Tatbiem state.

Dwhle body (Chamser 4) Angular, ba-
sophilic cvtoplasmic inclusiens, also in-
dicatimg vexic change.

Eecenvravytes (Chapier 4% Erythrocytes
with fusion of a portion of the cell mem-
bBrane thar causes the hemoglshin re be
prisslied v the side.

Echinocyies {Chapier 4k Ervthrocyvtes wath
spiky provrusions from their serface,
Eclampsia (posiparmorient  hypocaleemial
{Chaprer B A serious condition of the
disg, shortly after pregoancy due to -
cressed demands of blood caleinm sec-

ondary o lactation,

Elastase {Chapror 31 A neuteaphilic cngyme
wsed on foreign debris aod baoweda 1o
break down rissue,

I‘.I'Iip[:'u; vinsis (Chaprer 300 A penenie dis-
case due 1o a defecr in one of the net-
work |.'|r"|:l|I.'iI'I!|- inl whicl the cells are aval-
shaped rather than the nocmal concave
alise,

Endethelial cells (Chaprer 13) Cells char
line all Blood vesscs,

Eosinophal {Chaprer 35 A whive Blogd cell
that s mnvolved o resposse to para-
sitic infections, fungal discase, some pro-
poeodl diseases, allergies, and imrmene-
complex disease

Eosimophilia (Chaprer 4k An imcreased
nuember of circelating ensinephils in the
Pliowd,

Epuephrue (Chaprer 11k A neurochemi-
cal transmitter invobved with the synpa-
thetic nervops system,

Epistaxis {Chaprer 12 Bleeding feom the
ninse,

Ervthrooyie (Chapter 20 A red blood cell.

Ervihrophagia [Chapter 155 Doy
macrophapes  that have  engulied
crvthrocyies,

Erythropoicins {Chapier 3 Production of
red Blaod cells in the Bone marmow,

Ervthrapmenn [Chapter 51 A hoemaone
produced from che Kidnevs ata conscant

fare o maintain the noemal rare of ery-
thrapiolesis,

Ethylene glyeol (Chapter 5k A toam found
in anrifrecze that can cawse severe renal
disease.

Exrrinsic pathway (Chaprer 13): A srepwise
chenticitl regetion that 15 involved i the
formiation of 2 Abrin cloc

Exudates (Chapres 151: A fAoid obaincd
froms a body cavity with a ol protein
af =35 mpidl and a eotal cell count of
= A0 gl

Feline lower u:'i:mf} teact discase [FLUTLY
Chapter 100 A synulroime of onnarcy
trauct chsease and obstroction i the fe-
|i|'|l:,'I

Fermentanon (Chapror 14F The process of
producing evergy feom glucoeie ina low
GRYEED enviranment,

Fibrin [Chaprer 13 The mortar that is
formed  during secomdary  hemostasis,
wlhich is the Rl R of 5-Ir||!|i|i.ri|'||.'. the
platelst plog, Fibrin holds the plateles
roqesher,

Fibrimigen (Chaprer 130 The progcin pre-
cursoe thar circulanss in the plasma,

Fibrimogen  degradaton  product  (FIDIE
{Chaprer 130 A clindcal diggnostic o
identify increased degradation of fbrein,

Fibrimolvsis {Chaprer 131 The breakdown
af blood clats that s the opposing mech-
anzam that reestabilishes Bloodd flow after
the vessel is repaired by disselving the
cloc thar is obstrwcring the vesscl,

Figln or fight reponse (Chaprer 110 A
grioup of behaviors associated with the
rel=ase of epinephrine from the sympa-
thetic nervions system,

Faolare (Chapter 81: A B vitamin pro-
duced In the intestine of the canine and

feling

Callbladder (Chaprer als A collocting site
fq:-r I.II.'H.I.'|.I.'| illL'\d li:l:i.ill'u 'u"a'l.||1il'l !I'.A'.' II.'-'I\.T-
Ciamima gll:lt.:l.lﬂ:-ltl.‘.‘ll‘l.h{n.‘l’.‘l.h’.‘ [(GGT) l_"..|1.||1-
rer &0 An indicaror of gallbladder ob-
struction of lack of bile How, GGT
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Cilossary 263

is an intracellular ensyme responsible
Fior cleawing C-rerminal glotamyl groups
fremm one sabstrate or molecule o an-
other, and it i thought oo be invelved
in pathwavs used oo protect oclls toom
oxidarive injury.

Ganghosidasis (Chapter 400 A rare inhertted
diseasechart is characrerized by abnormal
leuko yres,

Gleizemann's  thrombasthenia  ({Chapeer
13 A genetde platelet function dasorder
thar inhibats placeers from adhering o
cach orher,

Glomerular filtration I'i.'||:||'lI|.'r 51 The rare
at which renal glomesull Alter Blogd,
Glomerulh (Chapter 5): Specuthized stroe-
sures wichin the renal correx thar remone

roxins from the bliodsoream,

Glucagon (Chaprer 7h A pancreasic enzyme
that responds to bower blood sugor levels
v stimulate the conversion of glyeogen
and fat hack inoo glecose,

Glusise l:':.:||:l|'lll.'r T Blosnd ALgar.

Glucosuma {Chapres 70z Gleoose present in
the wrine

Glveogen {Chaprer &) A term of glucese
atarcdd by the liver.

Glveolyss (Chaprer 3k The metabolic path-
way that converts ﬁ||:;r|t;e'._ ':..r,H.”':}q.
inee prruvate, CaH a0, The free coergy
released in this peroceEs is taed po foom the
high enengy compounds, ATF (adenosine
sriphosphate,

Giranplomatous disease [ Thapter 110 Seye-
cral infectious discases, poimarily fungal,
wherehy tormal tissne 56 replaced by in-
flammtatory cells that form moltple gran-
ulomas,

Gramulopaiesis {Chaprer 30 Production of
neutrophils, eminephils, and Basophils
i the hone marmow.

Mgz haady (Chaprer 40 A cellular in-
Clusion thar ig tormed b oxidarive in-
jury to the hemoglobin in ehe ery-
'.IZIFIIJI\.':u'I:I." :II1|:| A TIESE COEIITEGn iI:I r|'||'
cat. The hemoglebin deratures and ad-
herss o the cell membrarne forming a

spherical light or clear sraining inclu-
stonn that mayv extend oot from the cell
membrane,

Hemangiosarcoma (Chaprer 141 & tvpe of
rumar arising trom Bood vessels,

Hemavemesis (Chapres 7h Vominng blood.

Hematisced (Her 14 '|::|'|'\-1-.'r 21 A caloulated
megsurement of the percent of red blond
cells present in che Bloed,

Hemmarology (Chaprer 30 The study of the
cellular components of Blood.

Hematoma {Chapter 51 & very |.|r;;,|_= cal-
lecrion of blosd under the skin, veually
Cnisaed |.'l_t' reaiitatic Blood deaw.

Hentoposess [Chapter 3 The production
af biloed cells,

Fiemmarturia {Chapter 3 Blood presentin thi
Wrinc.

Hemoooneeniration  [Chapter % An do-
crease in the red Blopd cell population
of bloed secondary to debydracion

Hemoglobin {Hgb} (Chaprer 212 A chemi-
cal Liill!l'l?‘i:lul'ld within the red Blood cell
that has the ability 1o carry oxygen and
carhon dinxide

Hemoglibinemia (Chaprer 4k A prosocss
wherehy red Blood colls are lysed within
el vessels and hemoglobin s released
nter the bloodstream,

Hemoglobinuria {Chaper 90: The presence
aof ]Il.'l'l'lﬂ_!.'.]l.lt'"il'l in the urine.

Hemogram {Chaprer 20 The coellection of
specific measuremtents thit allow the vet-
crinaran 5o evaluane 3 patient’s c-r'g.'rh -
cvres, leukooytes, and plarelers,

Hemmolysis (Chapeer 51 Lyais of red blood
cells, releasing, hemoglobin inra  the
SErIm,

Hemosidersn (Chaprer 13]: A hemaoglobin
brsakdewn prodoct.

Hemostass (Chapter 13 The process of
turming, free-flowing blowesd into a station-
ary chor,

Heparic  encephalopathy (Chapres 6k A
peurslogie  syndrome  cansed by the
buildup of toxins entering the central
nervils sestem that have ot heen prrop-
eily detoxified by clie Tiver.
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Hepanc ipidosis [(Chaprer & A disedse syn-
dromie that oceors commanly dn the car
and harse [pony] when these ammals
have a disease encity that produces a pro-
found anorexia, The animals shunt Jarge
anounts of far inge the lver o rransform
ik ek B, This r-rl'.'r:.-' mhltration o ffeces
the akility of the liver 1o function,

Heparitis (Chaprer 615 The activation of the
immune systenn by seme foregn antigen
within the liver.

Hepatomegaly (Chaprer 115 Enlargement
of the liver.

Howell-Jolly bodics {Chaprers 4 ): Small pemi-
nangs of the -:'r:.'l:hr-::-\_':.'l:-.' mecles that oc-
castmally rempin after the nocleus un-
dergoes division,

Hyaluromic acid (hyalurenan) (Chapaer 155
Jotne Hucd.

Hyperadrenocorticism (Cushing's disense]
{Chaprer 11} A disease characrenzed by
an everproduction of cortissl caused by
prrnary adeenal or piwiraey disesse.

Hyperbalimbanemaa (Chaprer 41 Increased
alirabsin im the Bloodsiream,

Hypercalcemia (Cha prer 81 High blegsd leyv-
cls af calciwm.

Hypercaleemia of malignaney {Chapeer 8):
An nerease an hlood levels
cansed by specific rvpes of cancer.

Hypercholesterolania (Chaprer 9: High
Blood clolesteras] levels,

Hyperzlycenua  {Chapser V0
Blowsd glucose levels,

Hyperkalemia (Chaprer 50
peintaasiem leviels.

Hypermatremia  (Chaprer 82

I.'.I.Il\.:IIII:I1

Incresasedd
High blood

|1Il\.'r|.".ﬂ'|i!'|:|
Sernm 1:r||:|1|.|:||1 cnncentratzon,

Flyperphosphotemia (Chaptes 51 Incresassd
Bloasd phosphorus levels.

Hyperprotemenna (O hapeer 9): High blood
provein levels,

Ir'_n'nurﬂphnit.ln g '|'|.||1r|_'r 410 A splenic dis-
case mnowhich the spleen removes exces-
sivie mumbers of ervihrocyies due 1o ab-
:II1:IF.|I1:II r|:|.'|q:nc:-rl|'|:|_|,'_r I:.LI:III\.'rH:lIZI.

Hypertension [Chapter 53 Increased hlood
Pressune,

Ir'g'|1n:J,:,Iru,'nm_'url;ln;iim [Addicen's disease)
Chapoer 1002 A decreased producrion
af aldosteroie andfor cortisol by the
gelrenal gland,

If'_|'|1|'|:1.||1-1|||1im'm||1 [ :|'|.||1r|,'r 31 Lo bl
albumin levels,

Hypocalecinia {Chapaer 81 Losw Bleod cal-
anm levels,

Hypochromia (Chapoer 412 Red blond cells
with decreased srainming of their cvio-
plasm.

Hypoglyeema (Chapter 81 Low bload glo-
coner: levels,

Hypokalemia {Chaprer 510 Lo blood
]‘H:ll:'l-.hiul'l'l lewizls,
Hyponarreimia  (Chapeer 85 Low blsod

socliuem levels,

Fypophosphatemia (Chaprer 81 Decreased
phosphosus concenceation.

Hypoprotanaaa (Chaprer 30 Low hlood
protein levels.

If'_|'|1|'|'\.r|'||.'n||'r||1 {Chapter 5k Excretien of
urine of unussally low specific gravioy
and limited concemearion of selutes.

Hypomnaion  [Chaprer 140 Decreassd
blowsd pressure,

larrogenic hyperadrenecemiczm (Chapre
110 A elisease produced from long-term
admimistration  0f exopenous steroids
fie., prednisonel, which canm disrupe the
normal regarive feedback loop by caus-
ing suppression of ACTH section by the
patuatary land,

Iqerus (Chapter gl laundice,

Idiopathic disease {Chaprer 118 A disease
produced by an onknown canse,

Inarmiane-imediated heinolyiic  anenia
{0 Aemter 41 An o immione disease wherein
by antibodizs atrach to the membrans
af normal erytheooyies inappropriately
causing the bmdy b destroy ats red
blagd cells s of they were foreign
bacreria, resoling in 4 regenerative
aAncmiki.

Iamiane regpoaise (Chaprer 33 The bodys
cellular and chemical response o a for-
eign patlopen or marenal,
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Immunahlasts [Chaprer 5 Large lympho-
cvtes with deeply basophilic evioplasm
and promunent nucleod,

Tmmuanaglobolin ({Chaprer 20: Proteins pro-
duced from Ivmphocvies that recognize
aprecific foreign material.

lmonalagy [Chapter 3] The study of a
comples cellular defense that recngnizes
torcign substances and infecrions agents
amd mounts 3 reaction to destroy the for-
elgn agent.

Indduacizon 16 I|'|.1p1-.'r Bl A process ﬁl.'l'n.'-rurhg.'
an cnxyme is stimulated o be produced
|:|:.- a0 orgak,

Tewdmling § Chapsor T A pancreatic enzyiie re-
lessed a0 times oF increasing Blood sugar
o siimulate the conversion of sugar into
ghycogen {liver and tar,

Intrinsic pathway |Chapter 13): A stepwise
chemical renction thar is invedved 1 the
fermation of a Bbein clog

lschemin (Chaprer 140 Lack of tissoe oxy-
eI,

_||1|||1|.'|i|_'|,' [Chapter ¥l= A concitions thar
aocurs when bilimbin, a waste pradoce
trovm e blood ool production, boilds
up o the tasie.

Juxtoglomerular cells (Chaprer 51 Cells
within the renal arterioles chat secrete a
hoormicawe called fenin to help mainain
Bl pressure,

Kerateoytes [Chapter 41 Ervthrocyies char
teave small blisters on cheir soctace char
oocasionally rupture,

Eoetones |aaetong) [ '|'|.|r\-r:'r Tl A& chemscal
compound that is produced i the severe,
uncemirelled diabetic.

Eohler ilMuwminavien (Chaprer 1) The pro-
cess of adpusting the condenser o pro-
duce the bhest fncus of the ilomination
ORI,

Lactare (Chaprer 144 A blood roxan tha
I'\II:IIIIII'\-G 8] 1) ~:|'|.'-:r||.|:|.'|r}' tn :IITl.'I'l."\-II. ANETEY
production from gliose in the body due
to decrensed oxygen levels in the tissue

Left-shifr (Chaprer 4% A& telease of imimaz-
tre newtrophils ingos the Blogdstream.,
Lenkaocvies (Chaprer 13 Whire Blood cells,
Lenkacytosis (Chapres 1) An increased

white Plogd cell count.,

Lenkepenia [Chaprer 1Tk A decreased white
Blood cell count,

Lenkophagia (Chaprer 15} Fiewdy
macrophages thar have cngulfcd shice
Bl cells,

Lipase (Chapter 75 A papcreatic en-
v thar breaks down far ingo smaller
mietlecules so thev can ke absorbed by the
intesrine.

Li].'ll.'l:lli.:l | |'..||'-|-.'r S A conditvon that UG-
gests an incrensed white precipoate of far
ar lipid in the serom,

Loops of Henle (Chaprer 5k Specialioed
structures within glee renal medulla ehar
awd in the concentration of urie,

Lymph modes {Chapter 33 Small round
or oval strictuses within the subcuna-
menis tsswe thar funcrion o floer ex-
eracellular flud (lymph} for foremn ma-
verial and prodoce white Blosd cells
fspecificallv lymphascyres) thar then pro-
diwe antibodics in response 1o borcign
infecrion,

Lymphangicctasia |Chaprer 41 Dilated lyin-
phatic vessels of the  gasrrointestinal
trdcl.

Lymphaties (Chapter 33 Specialized thin-
willed vessels that carry lymph through-
ot the body,

Lymphocyte (Chaprer 310 A whice Bloeod cell
respodstble for producing acguired im-
mumniry to infection,

Lymphocytopoests (Chaprer 30 Prodoc-
tion of the lvmphoscovee from the bone
MArTow,

Lymphocyioss (Chapter 4): An increasse in
Blod lemphocvee numbers,

Lympholvsis (Chaner 4b Destrucrion of
lymphocyres,

Lymphoma [Chaprer 4): & cancer arising
fromm the whate Blood colls of the body,
I.:.'mpli.'.punia (Chapeer 4): Decreased num-

bers of circnlating lvmiphocyres



M [£1
&l

BLESOAS - Fosenteld

April 12, MHD 104

e Clinicad Patiedogye for the Yetorinary Team

Trany: Zebdmmes 17 2mm

Macroplatelers (Chaprer 20: Large planelers
fosianrel D el Baloasd,

“alnbsorpaion {Chaprer 7 The inabalicy o
absorh nutrients properly.

Matizssezia (Chaprer 150 A comman wcast
found in the cars and on the skin of pa-
Elesits.

Staldimesonn [Chapter 71z The inabilite o
digest beod properly.

Moan  cell  homogloban  concontration
IMOCHC] (Chapter 23 The ratdo of
hemaglobin to red blood cell size,

Sean cell volume (MOCY] (Chapoer 250 A
direer measurement of cell hin.', which
15 related o fhe :||1:|_|,'_1|.i|:'.|d-e' af the dis-
ropted electmical current 3s ewch cell
passes through the inssrument,

Mean  corpuscniar  hemoglebin  (MCH]
i hapeer 2z The amount of hemoglobin
present i the red Blood cells,

Yean |;r|rp|,|w.'|_'||l;1r hemmglabin concentra-
ton (MOCHC) (Chaprer #: The average
percent  measuzemwent  of hemoglobin

concentrotion w0 ench  red Blood
cell,
Megakaryopoicsis [Chaprer 5]: The pro-

ducrion of platelers in the bone mavrow,

Moma (Chaprer 71 The presence of di-
gested blood in the feces, as noted by a
dark, rarrv-lonking stoaol

Mesenchymal tumees (Chaprer 151: Tu-
micrs that arise [vom the supportive tis-
sues of the body,

Stetabolic acidosis (Chaprer 128 A congdi-
vicen that oceurs when the Bload pH de-
creses below 7A5 due 1o ghe buildop
of toxnes, decrease in glomeralar Ales-
ticn, andfor the loss of hicarbonare rich
fluiads

Metaroboeyres [Chaprer 4 Mockeared red
Tulewad cells inbL B,

Sticroangiopathy [(Chaprer 45 The forma-
rieen of fibreim ssrancds or small fibeon closs
wirhin capillarics, which is associared
with desseminased incravaseolar coago-
Latigmm,

Sticrocviie (O haprer 4 A red blood cell
with decreased volume,

Mineralocorticmid (Chaprer 1102 A bos-
micate released by the adrenal cortex 1o
help reabsorb electrolyres from the kid-
nevs,

Minimal clinecal davalases (Chaprer 145 A
set of clinteal dizgmostic wwas ron o eval-
UALE 0N SMmergency or ]11:-':]'.-|h||i:-:|.'-:| -
rieni,

Maodified rransodates (Chaprer 1502 A fluid
abtained from a body cavity with a 1o-
tal protein between 25305 mgtdL and
a total cell conne between TIHER=S00
ceellil

Maenocyre I{:':l.'l_'.“.q.'l I A |:'||:|.'.q.' white blood
I.'I."". '-\']11:'“.' rlri|1|:| ry t-l.l:ll._.i':!ll'. i"i 4] ||:|:||.'.r:|h.'
o the tissues to become o macrophage,
g rissue white Blood cell thar is in-
volvied in centeolling chienic infocticus
diseases,

Mucopolvsaccharidosis VT {Chapaer 4); A
rare inherited disease thar is character-
ized by abnormal lenkocyres,

Muycoplaseia Dhemofelis and Mycoplasina
Bepsovinmlry (Chapter 4): Twio ery-
rhraparasites that amach to the surface
af the crviheocyte,

Myoglobim ({Chapoer 92 A compoand simi-
Tar 1o hemoglobiy thar is responstble for
CArrying xXiyEe .-il'll:l TI.'EI'II'I'I-'i!I_L'h |.'.|r|1|1|1
dicescicle in the muscle tissoe

Myoglobinuria (Chaprer %) The presence
af mvoglabin in the urine.

Mecrosis (Uhapter Sk Tissoe death.

Meoplasa {Chaprer 60 Cances,

Neutropomia [Chaper 31z A decreased neo-
trophil popularigr,

B |.'|.||r|||1|1i| l_'!..|'|.||1r|'-r Li: The mast commion
granulacyie in the peripheral blood of
dangs, cars, humans, and borses.

Mepmrophalia  [Chagser 300 An increased
nenrrophil number,

Mitrows oxide (Chaprer 130 A chemical re-
leased trom endothelial cclls o prevent
clot formatioan.

Monrggenerative anemia [Chapter 40 An
anemia with no evidence thar the bone
MIALFEw CRN fesmenid.
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Morepinephrine (Chaprer 11 A chemical
eurotransiiter myvolved with the sym-
pathetic nervows system,

Onecotic pressure {Chaprer 5 The force ox-
erted by albumin en the Quid component
1:||: r|1|.' I'\IIIZHZII.‘L r'l.l]l A1 EI1II|!| Frl!I:II'I 4 I'I.l:' frssLe
inree the blood so that the larpe promein
mclecule can be maved chicugh the vas-
cilar supply.

Packed cell volume (1MCY (Chapter 140 A
climical diagnostic test char evaluares the
red Dlood cell column as L'Lll'lll.'li'lrl.'d. Loy
'.IH' e -L'IIIIJIII.I:I ':FF I:I]I.I':I':I ill'll:l I]I.IIL‘I il A
hematoent tube,

Pancreane  exaecring i:1:||f1i|_'i4,'n|,'!' (FED]
{Chaper 7l A raee congenital o ac-
gpuairesd dlisease of the acinar aells resuling
i g lack of production of execrine pan-
CTEADH CIEFITCE.

Pancreatitis [Chapser 7k An inflammarion
or infecrion of the pancreas |.'|r~|:l|J|.||.iI'||.'. ]
leakage of lpase and amylase anto the
GrFaAn suriace,

Panhypopreteinemia (Chaprer 20 Abng-
mally small amounts of 1ol proein in
e circularing plasima.

Papalloma {Chaprer 15k A benign sumor
that arises from the squamevs epithelial
cells af the skin.

Pararhyroid haomone (FTH) {Chaprer 85
A hormane released by the parathyrond
gland thar imcreases the hlood level of
calcium by pemoving ealciom from the
IJIJI'IL'-

H.I'I'IZIH r|1|' l:i:l-\_'ill
'|"|1||er I'Ir. 1 I;.'I'I"i III m I:I'.{' saTmnE |'|I.=]|I.".
This means that if the image is in focus at
110, there should e lirrle need o focus
at the hegher magaihcation objectoves.

Pelger-Hueér anomaly [(Chapter 49; A genetic
disease fownd tn many breeds of dogs and
eccasional cars, In individuals affecred
with Pelger-Huode anomaly, all cirewlar-
II'IH |'|!'|||::|'||]'.l|'|.i|\. .||'|I:| I":HII:II'IF'I'IIIT are |'|'|"
posegmenred and resemble band forms
of these granvlocytes

Parfocal (Chaprer 1)

Pellen [ Chaprer %5 The cellulaz sample ot a
Hislel thirt has been sparaed by centnfu-
BAtian,

Phagoovtiwe (Chaprer 3¢ A cell’s ability to
extend s cell wall around fereign ma-
perial and cells and tnrernaliee the steoe-
fures,

Pheochromocytamia ¢ '|'|.:|1r|_=r 11 Lamcer
of the adrenal medulla,

Fhesphorus | Chaprer 81 A mineral inzegral
i many el fusctioos, nclading bone
fommation, encrgy metabolism, muscle
comtraction, and acidfbase balance,

]"i!ui[;llg.'-dl:pul'ldmll Il:.PE'IJIJI'L'I'II.IL""'l:II1'il.'i'|:ll"l
TPLIHT L |:.1'|'-'.-.'r 110 A Fovrois of |:|:.' -
dreviscarticisat cansed by 4 prruteary tu-
mir, which produces excesive amoonis
ot ACTH and causes overstimulation of
Boath adrenal glands readling i constant
produaction of cortsal,

Pirnigary gland (Chaprer 115: A small gland
thar sits at the base of the brain and pro-
discesq r|:||.';hi|'||!. hormones far other en-
docrne glinds of the body,

]Hril:'ill'u;:rrl'u'-.i!-: [Chapter 4 An indicarion
that the red blood cells seen on re-
view of a bleod Glm have vasiable
shipries,

Polvehromatephilic red blood cells {Chap-

Ervihrocvies that are veually

larger than normal ervtheocyies, have a

larger ceneral paller, have a Blue hoe

when stamed wath Wrnighe-Coemsa seaim,
and have a moddy blue hue when stained
with Daff-Quik =™,

Palvevibemia (Chaprer $): The counter-

wr 4

Plin tor anemin; g increpss inred blood
cell conne, Ha'BEY, and |1|_'mr|;.',|1:-|1||:|.
Palvevthemia vera (Chapter 40 A neaplasric

pcoess thar results in prodection of high
nutnbers of red Blood cells.
Palydipsia (i hapier 512 Increased thirst
Palvphagia (Chaprer 81 Increased appetine,
Pelvuria { Chapaer 51: Incocased wrinarion,
Pacdle macrscyioss (Chaprer 4): A genegic
erait that results in g noemal MOV higher
than arher dogs,
Porphyrin {Chaprer 912 A beme pigmenr.
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Paortacaval shun [Chaprer & A small blood
virgsar] | e lled 2 shne, that can oceur froan
the poral vein mo the candal venn cava
prodocing a bypass of Bloed flow arsund
the liver. In affeced pasients, blood tox-
ing enter the gemeral bloodstream pro-
':II'J_'III._L',. SwETS rh.'l'.r\-ct'-:lﬂh.‘:l' :|.r||:| ﬂ:l-"-'l':'l'llil.'
siNS

Partal venous system (Chapres 610 The lange
Ve aysteimn carrying baceeria, miin-
cing, and woxms from the intestine o
the liver.

Pastparturient hypocalcemia {Chaprer [0
Felampsia.

Poatrenal azotemia :'§..|1.||1h.'r A A rise 1
kgl snevoses due tooan obstroction of
rhe hladder, which produces a reteoprade
backfow of urine v the Kidneys,

Pertassiuam (Chapeer 55 An unracellular don
that helps prodoce elecrricnl energy al-
lowing skeleral and cardiac contragtion
muscle, depolarization of nerves, and
athir metabalic lunctions.

Prevenal azotenoa (Chapter 5z A condi-
rien caused by decreased blond perfu-
sion of the kidneys producing decreased
glomerular fileration,

Frostaglandm | {Chaprer 13): A chemical
Tl.'l.ﬂ'u'l TI."':I r-r\-:!-nl L"I'll:ll:l[ I'|':'I||'|| I.":'“H o0 prevene
clow formation.

|"|'l.llri|'|-|l.lhi|l'!.' l.1|l|.'|1r|:l|.'l;jl|'|_'_t L |:.'||"|Iq.'|
Lovwe body albumin. Parients with nsal-
absocproond maldigeston dissase jeg., in-
flammarory bowel disecase, lvmphangec-
tasik, inncsrimal nesplasial can have de-
pletions i esential amime acids and pro-
ECICls, prrlillxll:p,, I'I}'rll:l.l”"lll'll TG,

Proteindosing  nephropathy  (Chaprer 5)
A syndrome wherein increased  body
protein (albumind s exceered o the
L.

Progeinuna (Chaprer 31 The presence of
premein (albumin} in the urine,

Frothoombin (Chaprer 13 The imacrivared
hml'l I.It- I|1r|.l|'|||!li1l.

Prothraomban fime [PFT {Lhapter 14]: An
assay that evaluates the sxtrinsic closting
pachway

Prendehyperkalemia (Chaproe 812 MNon-
pathologic conditions thar prodoce a
non=life-threatening or artifactoal hy-
perkalemia, including chronic G par-
asitiem, specific breed variations, and
mitrked theombocyvrosis.

Pyuria {Chapter 9 Mewtrophils a0 the
uringe,

Refractomerer (Chapter 50 An instrument
wsedd to medsure the concentration of
urine.

Regenerarive anemia (Chaprer 43 An ane-
mia with evidence thar the bone mareow
[ ] n'ﬁl'l':ll:ll.'l h} llll.'“'il'ul."‘il. |'||.'|||:||.||.'|‘i-:l1l. ||t.
ervthrocyies,

Renal arotemia (Chapter 50 A condition
canscd by a disease thar prinarily affeors
thoe kidiweys and dicreases medullary con-
CoTiratng.

Renal comex (Chaprer 31 The part of the
Lidney that is responsible for the Aliea-
rion of toxing out of che |.'l|l.|l.|d. Balanc-
g of Bload electrolytes, and contral of
Blossd prossure,

Benal medulla (Chapres 53 The paee of the
kidney clsan is responsible tor the concen-
eratigsn of wrine to prevent debydration.

Renmm (Chaprer £1: A hormone secreted by
ivxreglomerular cells of the kidney that
ACCIVALE ANEIIEnEn.

Benin-angiorensin system [Chaprer 5 A
systemt uiilized By the kuloess oo help
maintain blond presore

Respiration  [Chapier  14% & process
wilserehy energy is prodoced from glocose
i the presence of oxrmen,

Rl.'\pi:r.:rnr:. scudosis [Chaprer 129 A con-
dittan that occurs when the bleed pH
decrzases below 7,35 due to the buildop
af carbon dioxide from improper gas ex-
change im the lungs,

Reticulocyvtes (Chaprer 10 Immatore red
Bloswd cells peleased toopam the bone mar-
row al @ less mature plase i response
|1 }] I"l'll:l_'l-' |'|I'I."':I. Tl'l.':"l."' L":'II‘; maLrtam rem-
nanes of their imternal streetures and will
stain differently under specific stains.
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Retculocvrosis ({haprer 20 An increased
nanber of tnmature red Blood cells.
Rimgrworm [Chapser 1503 A common fungal

skin infection,

Romanowsky seain [Chaprer 31: A siain
wied to evaluate blood smears,

I i i |mk}' stam IlJi.Fl:-t'_!ui.k T ML hapier
110 A stain svetem thar srains the Campn:
menes af 4 cell diffeeent colores depending
o the serocture's pH.

Rarcopdes (Chaprer 130 A skin mire,

Schistocytes [Chapter 4): Small fragments
of |.':jrt||.r1:~:.':|"|q.'s that are iTn.',g.',uhlr in size
J.El':l !-I'Iilrﬂ'.

Sepsia (U hapier 41 Whale-body massive -
fection,

Siderscytes [Chaprer 410 Ervibrocyres waith
iron-containing asophilic iclosions.
Sodivm (Chapter 812 The most abuandant
positively charged ion in the extracellular
fluid thar helps regulate electrical poten-

rial i rle |!||.l|.|}'.

Sodivaypossim halanse (Chapter 110
The rgrin of blond serom levels of sodinom
compaied ro poassiom,

Spharocyies (Chaprer 41 Small coyrheosoynes
with no central palloc. Spherocyies ane a
|1:||||:|1.|rl: I'It.|.|'|'||:||.|'||I."|'||.':'I:||:|EI."-|1 I'Il.'ll'llll:u"lil.'
anemia, but chey alse can be seenin small
i bers i associarion with other rypes
of ervthroevee damage.

Sguansons cell caramoma (Chaprer 151 A
malignant tumor of the squamaons cells
ot the skin.

Standard deviation [Chapoer 1k A measure
of the variabality or dispersion of a pop-
|||.|.r||1|1.. i |_|:Ir.'| ST, 0 5 |'|rl:||1.'||1||lr:.' I_‘II“'
triburion.

Spaphylocscons [Chaprer 150 A common
skin bacterin,

Stem cell (Chaprer 3% Undifferensiared
cells, fram which mdividuzl cells sl
commic o a specific cell type.
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Il.'ll'l.ﬂl'li:lll.-n.' |:||'t.-e‘.'|1|' I:Ir- !]11' Ii\'{'l.' I.':lll‘-ﬂ'l:l I?:«'
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mwirted oo complete Bloed coung wl=n
the panent s n oa siressful environ-
ment.
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mon crvatal seen in companion animal
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rrospluilsh,

Tu.r;.:l.'l: cills I:l\.'\l:HlI:ll.'_".'l.l.'h:l l"'..|1.||1h'r 413
Ervchrocytes with g comtral aren of
hemoplobin within the aren of central
pallor FoFming a rarget appoiranoc,

Throntbm Chapeer 13 An eneyme re-
spomsible for the formanion of Aboing
alsg, the inappropriate formation of a
clor in the blood vessel

Theombocyviopenia  (Claprer 1 A de-
cressed] plitelet count,

Thrombocyiosis (Chaprer 10z An increased
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Thrombopeictin ({Chaprer 30 A Tuwi-
mode respoastble for the prodoction of
T\II:ITI.'IE'T'\-.

Toral profem (TP (Chapter 140 A mea-
suzement of the sernm that eviluanes the
sum of Bload albumin and globulin ley-
L‘l!!:.

T nl.:l:ll:rnphll I Z|'|.1|'|r|_'|' A A e
crophil thar has incecased cvooplasmic
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Transriamnal celly ||.1r|:-r|'||.'|i.l|. cells] o hapder
i Cells thar line the bladder wall, vary
considerably in size, and have rounded
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plasm.

Transudares |Chapter 151 A fluid nbrained
from 2 body cavicy with a ootal proocin
of =25 mgidl and a voral cell count of
= TOUE el il

Trigone [Chapter 512 A tegion in the neck
ot the bladder where the oreters enner
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Uriie progeindcreatinine ramo {Chaprer 55
A cliieal chagnosee that measures the
amuognt  of profeEn  im the wrine in
comparisen o the amoono ab creati-
mine,

Urine specilic graviey (Chaprer 51 The mea-
sure 0f concentrition of the urine,

Ventroflesion of the neck (Chapror 50 A
senmdeome that oocurs wihen the body's
petassiem e b that the patiens can-
mant lokr 10s meck.

von Willehrand's disease (Chaprer 130
Dheficiencies in factors thar allow the
p|:|r|'|.-:'r ti Adlbene 2o the subendathelial
Elssie,

Whle hloaed clotomg tme (Chaprer 130 A
clindcal diagnosiie mevaie of the time it
takes for Blood drawn ingo s serom robe
s clo

Zona fasciculata and Fona  reniculans
{Chapter 11): The er reguats of
the adremal corfex  thar prodoce s
prodnisonc-like  sterpid called  cortissl
and small amewants of androgens (sex
hanrimicees b,

Lona granolosa [Chaprer 111 The ourer-
migst area of the adrenal costex, which is
:r|.'.~\.pl.||:1~\.i|'l|l.' fior |'||1:l|.1|.||.'i.|'||.', a4 areroid hoe-
micmte called aldasterone, also called a
mimeralocorticaoad,
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