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MepiAnyn

Mpdkeltal yla pla avaSpopikr) PEAETN PE OTOXO
TOV TIPOCSLOPLOHO TOU VEPPLKOU PKOUG, TIAGTOUG,
UPoUG KaL TIEXOUG TOU VEQPLKOU (pAoLoU TWV QUCL-
OAOYLKWV AELTOUPYLKWV VEPPWV O€ Eévav TIANBUCHS
€VTEKA KOWWV EupwTaikwy KOVTOTPLXWY Kal TpL-
WV KOWWV Eupwmaikwy HakpUTPLXWV YaTwV OTO
Hvwpévo BaoiAglo. Itn PeAETN CUPTIEPIANPONKaV
OUVOALKA 14 ydATeg, §¢ka ONAUKEG OTELPWHEVEG KaL
TEOOEPLG OPOEVIKEC OTELPWHEVEG, HE (PUOLOAOYL-
Kr Ve@pLKr Asttoupyla. H @UOLOAOYLKN VEQPLKN
Aettoupyla oplotnke pe BAon TLG (PUOLOAOYLKEG
VEPPLKEG BLOXNMLKEG TLPEG TOU OpoU alpatog, To
(PUOLOAOYLKO €LSLKO BApOC Twv oUpwv (dtav ntav
SLaBEoLpo) Kal TNV amoucia VEPPLKWY KAl AAAWY
KOWALOKWV TIaBriogwv. OL péoeg Slactdoelg Tou Se-
€LoU veppou TipLv amd tn oklaypdgnon ntav 3,99
+ 0,33 eK. 0€ PnKog, 2,76 + 0,33 ek. o€ TAATOG, 2,31
+ 0,21 ek. og UYog, evw ekelveg Tou aplotepol ve-
@pou Atav 3,91 + 0,34 €k., 2,79 + 0,29 €k., 2,44 + 0,20
€K., avtiotolya. To HECO TIAX0G TOU VEPPLKOU PAOL-
oU PETA TN OKLaypApnon yla Tov §€EL0 Veppo nTav
0,49 + 0,13 &k. KaL yLa Tov apLotepo 0,49 + 0,14 k.
ETiumAéov, To pNKog twv vepwv (AN f; AN) cuykpi-
BnKe Pe TO PrKog Tou SeUTEPOU 00YULKOU OTIOV-
SUAou (02) kat TN SLAPETPO TNG KOLALOKNG A0PTNG
(Ao). OL péoeg avahoyieg AN/O2 kat AN/O2 ntav

Abstract

This is a single-centre, retrospective study aimed
to determine the renal length, width, height,
and the thickness of the renal cortex of normal
functioning kidneys in a population of eleven
domestic shorthair and three domestic longhair
cats in the UK. A total of 14 cats, ten female
neutered and four male neutered cats, with normal
renal function were included in the study. The
normal renal function was considered based on
normal renal serum biochemical values, normal
urine specific gravity (when available), and the
absence of renal and other abdominal diseases.
The mean pre-contrast dimensions of the right
kidney were 3.99 + 0.33 cm in length, 2.76 + 0.33
cm in width, 2.31 + 0.21cm in height, whereas
those of the left kidney were 3.91 + 0.34 cm, 2.79
+0.29 cm, 2.44 £+ 0.20 cm, respectively. The mean
post-contrast renal cortical thickness for the right
kidney was 0.49 + 0.13 cm and for the left 0.49
+ 0.14 cm. Additionally, the renal length (RK or
LK) was compared with the length of the second
lumbar vertebra (L2) and the abdominal aorta
diameter (Ao). The mean RK/L2 and LK/L2 ratios
were 2.29 + 0.19 and 2.24 + 0.18, respectively, and
the mean RK/Ao and LK/Ao ratios were 10.25
+ 1.25 and 10.04 + 1.22, respectively. There was
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2,29 + 0,19 kat 2,24 + 0,18, avtiotolya, KaL oL HECEG
avahoyieg AN/Ao kat AN/Ao ntav 10,25 + 1,25 Kat
10,04 + 1,22, avtiotolya. Asv SLamiotwbnke otatt-
OTIKA ONUAVTLKA SLa@opd OTLG PETPHOELG HETAEU
TWV 8U0 VEQPWV. H HEAETN QUTN TTAPEXEL TLUEG ava-
(OoPAG yLa TO (PUCLOAOYLKO PEYEBOC TWV VEPPWV OF
yateg. Mepaltépw PEAETEG €lval amapaltnTeg yla
NV agloAdynon tng EQapuoyng autwy Twy TLHWY
ava@opdg otnV KAWVLKN TIpAgn.

no statistically significant difference identified
in the measurements between the kidneys. This
study provides references for the feline renal
size. Further studies are warranted to evaluate
the application of these reference values in the
clinical practice.

NEEeLg eupeTnpiou: afovikr) Topoypa@la, YATES, VEPPOC, VEPPLKEG SLAOTACELG, TTAXOG VEQPPLKOU (PAOLOU

MeSH keywords: cats, computed tomography, cortical thickness, kidney, renal dimensions, renal

Etcaywyn

H vepplki vOoOG €lval cuxvr OTLG YATEG Kal N
XPovLa VEQPLKA vOooog (XNN) elval n mo ocuyvi
HETABOALKN vO00G, L8lWG OTLG NALKLWHEVEG YATEG
NAkiag >12 etwv (Brown et al. 2016). € pia peAE-
TN pakpolwiag oe {wa ocuvtpoWldg oto Hvwuévo
BaoiAelo, n Bvnolpotnta anoS00nKe o€ VEPPLKES
Slatapayég oto 12,1% twv yatwy, pe tn XNN va
glvat n ouyvdtepn (13,6%) attia Tou evtoTioTnKe
0TNV NAKILA TWV 5 €TWV Kal Avw otLg yateg (O'Neill
et al. 2015).

H axtwoypagia kat to utepnyoypagnpa eivat
SLOYVWOTLKEG OTIELKOVLOTLKEG pEBoSoL TIou Xpn-
olpomolovtal ouvrBwg yla TNV agloAdynon tng
VEPPLKNG VOOOU OTLG YATEG. AKTLVOYPA@LKA TO
HEYEBOG TOU VEQPOU EKTLUABNKE apXLKA HE TN oU-
YKPLON TOU PAKOUG TOU HE TO PNKOG TOU SEUTEPOU
0o@uikol omovsUAou (Barrett & Kneller 1972) kat
TO (PUCLOAOYLKO HNKOG TOU VEWPOU OTLG YATeC, €l
vat 2,4-3,0 (popEG TO UNKOG TOU SEUTEPOU 0GPUIKOU
omovSUAou (umopet va eivat 1,9-2,6 PopEg o€ NALKL-
WHEVEG YATEG). YTIEPNXOYPAPLKE, TO HECO (PUCLOAO-
YIKO UNKOG TWV VEQPPWVY OTLG YATEG TIEPLYPAPETAL
amd toug Park et al. 2008, kat sival 3,83+0,51 ek.
yla Tov aplotepod Kat 3,96 +0,48 ek. yla tov SeELo
VEQPO. H utiepnyoypapla €lval o ameLKovLoTIKOG
TPOTIOG €KAOYNG yla TNV a&loAdynon Twv VEQPWVY
o€ OKUAOUG Kal YATeG, SLOTL TtapExel TAnpowopi-
€G OXETLKA pE TN BEon, To péyeBog, To oxNHa, TNV
OPXLTEKTOVLKI KAl TNV ALPHOSUVAHLKN TWV VEQPWY
Xwplg va BAdmteL Tov aobevn) pe tnVv €kBeon otnv
aktwoBoAla (Bragato et al. 2017). EmumAéov, to
uTepnxoypapnua ptopel va Bonbroel otn Sa-
yvwon kat tnv riapakoAouBnon tg XNN kat aGAwv
Tabnoewv Twv veppwv. Me Bdon pla pdopatn
dnuooieuon, mapatnpeitat petwpévo Tdyog pAoL-
oU o€ YATEG PE amMWAELA VEQPLKAG AELToupyiag Ttou

Introduction

Renal disease is common in the feline popula-
tion, and chronic kidney disease (CKD) is the
most common metabolic disease in domesticat-
ed cats, especially in older cats aged >12 years of
age (Brown et al. 2016). In a study of longevity in
companion animals in the United Kingdom, mor-
tality was attributed to renal disorders in 12.1% of
cats, with CKD being the most frequently (13.6%)
identified cause at or after 5 years of age in cats
(O'Neill et al. 2015).

Radiography and ultrasound are diagnostic im-
aging modalities commonly used for the assess-
ment of renal disease in cats. Radiographically
the renal size was first assessed by comparing its
length to the length of the second lumbar verte-
bra (Barrett & Kneller 1972) and the normal feline
kidney length is 2.4-3.0 times the length of the
second lumbar vertebra (can be 1.9-2.6 times in
older cats). Ultrasonographically the mean nor-
mal length of the feline kidneys described by Park
et al. 2008, and it is 3.83+ 0.51 cm for the left and
3.96+ 0.48 cm for the right kidney. Ultrasonogra-
phy is the imaging modality of choice for renal
evaluation in dogs and cats because it provides
information about the kidneys' position, size,
shape, internal architecture, and hemodynamics
without harming the patient with radiation expo-
sure (Bragato et al. 2017). In addition, ultrasound
can help diagnose and monitor CKD and other
renal pathology in cats. Based on a recent pub-
lication, decreased cortical thickness is observed
in cats with loss of renal function that underwent
ultrasonographic assessment and negatively cor-
relates with disease progression (Yan et al. 2020).

Computed tomography (CT) is becoming more
widely available to veterinary practitioners. Com-
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uTtoBARBNKAV O UTIEPNXOYPAPLKT AELOAGYNON KaL
ouoxetideTal apvnTka pe tnv €EEAEN NG vooou
(Yan et al. 2020).

H a&ovikn topoypayia (CT) ylvetal 6Ao Kat Lo
EUPEWG SLaBEoLun oToug KTnviatpoug. Y& cUyKpL-
on ME TNV aktwoypawia, n agovikr Topoypagia
TIPOCPEPEL EEALPETIKI aAVTIBEDN LOTWV KAl TIAPEXEL
TPLOSLAOTATEG ELKOVEG TIOU EAOXLOTOTIOLOUV TNV
OUMTIPOPBOAN Twv opyavwv. H afovikry Topoypa-
pla €xeL xpnotpotonBel yia tnv agloAoynon Sia-
POPWV OpPYyAVWVY KAl TIABACEWY OTNV KTNVLATPLKN.
MéxpL OTLypnG, povo pla peletn, Tou SLe€nxon
otnv TaiAavén, €xel afloloyroel TLG PUOLOAOYL-
KEG SLAOTACELG TWV VEPPWV OTLG ydteg (Darawiro
& Choisunirachon 2019). EmumAéov, €€ 60wV yvw-
pilouv oL cuyypayeig, Kapia PeAETn otV KTNVLa-
TPLKN BLBALoypapia Sev TtepLlypdageL To TTdxog Tou
VEPPLKOU PAOLOU OF YATEG HE PUOLOAOYLKI VEPPL-
K Aettoupyla pe Tn xprion tng a&ovikng topoypa-
olag.

OL otdyolL autng tng peAéTng Atav: (i) va kabo-
pLOTOUV TO PAKOG, TIAATOG Kat UPOG TWV PUCLOAO-
YWKWV VEQPWYV, (ii) va ouykplBel To PrKkog toug pe
TO PNKOG TOU 8£UTEPOU 00PUIKOU oTtovSUAou (02)
Kat tn Stapetpo tng aoptng (Ao) kat (iii) va Sobolv
OL (PUOLOAOYLKEG TLUEG avaopdg yLa To TdYog Tou
VEPPLKOU pAoLoU (MND).

YALKa Kat pEBodot

ZXESLAOPOG PEAETNG KAL KPLTHPLA
eTLAoynG MAnOuacpov

MPOKELTAL yLd PLa AvaSPOPLKE PEAETN. ZUAAEXON-
KV yla avAAuon oL LatpLkol PAKEAOL KAl Ol ELKOVEG
a€oVLKNG Topoypa®lag yatwy HE (PUCLOAOYLKN VE-
@PLKN Aettoupyla TTou TapamépPnkav oto Vooo-
kopeio Dick White Referrals peta&u tng 1ng lavou-
apiou 2012 kat tng 1ng Iavouapiou 2020. H &dela
yla TN xprion KAWLKWY Kat SLayVwOoTLKWY ATIELKO-
VLOTIKWV §£80PEVWV yLa TNV €peuva §GONKE pHeow
oUYKATABEONG TWV LELOKTNTWV KATA TNV £L0aywyn
TWV aoBeVWV.

O ydteg mou umoPARBNKav o€ afovikr] Topo-
ypapia kollag yta tnv afloAdynon pn VEQPLKAG
maBoAoyiag afloloyrndnkav wg TPog ta KpLtrpLa
€vtagne. ATIO TA TIEPLOTATIKA TIOU €vToTILOTNKAY,
CUMTIEPIANYONKaV oTnv Tapolod HEAETN HOVO
YATEG PE BLOXNMLKEG TLHEC opoU alpatog Kat LSt
KO Bdpog olpwv (epdoov ntav Slabéaipo) Tou
avtavakAoloav (QUCLOAOYLKN VEPPLKN AELToupyla
(kpeatwivn: 40-140 pmol/L, oupia: 6-10 mmol/L,
USG: 1,035-1,060 g/dL), émwg mpoteivetal amo t
AeBvry Etatpeia NegpikoU EvSiagépovtog (IRIS)
(www.iris-kidney.com, 2022). ATto tn peAETn aro-
KAelotnkav ydteg pe evOel&elg vepLKAG vOoou

Dimensions of normal feline kidneys

pared with conventional radiography, CT offers
excellent tissue contrast and provides three-di-
mensional images that minimise the superim-
position of organs. CT has been used to assess
various organs and pathologies in veterinary
medicine. So far, only one study, conducted in
Thailand, has assessed the normal kidney di-
mensions in cats (Darawiroj & Choisunirachon
2019). Furthermore, to the authors’ knowledge,
no study in the veterinary literature describes the
renal cortical thickness of cats with normal renal
function in CT.

The aims of this study were: (i) to determine
the length, width and height of normal kidneys,
(i) to compare their length to the length of the
second lumbar vertebra (L2) and the diameter
of the aorta (Ao), and (iii) to provide the normal
reference range values for the renal cortical thick-
ness (RCT).

Materials and methods

Experimental design and subject
selection criteria

This is a single-centre, retrospective study. The
medical records and computed tomographic
images of cats with a normal renal function
referred at Dick White Referrals hospital be-
tween January 1, 2012, and January 1, 2020, were
collected for analysis. Permission to use clinical
and diagnostic imaging data for research was
provided through informed consent from the
owners at admission.

Cats that underwent a CT study including the ab-
domen to evaluate for non-renal pathology were
assessed for the inclusion criteria. From the ca-
ses identified, cats with serum biochemical values
and a urine specific gravity (if available) reflecting
normal renal function (creatinine: 40-140pmol/L,
urea: 6-10 mmol/L, USG: 1.035-1.060 g/dL) as sug-
gested by the International Renal Interest Society
(IRIS) (www.iris-kidney.com, 2022), were included
in this study. Cats with evidence of renal disease
(e.g., degenerative, inflammatory/infectious or
neoplastic renal disease, renal infarcts, nephro-
calcinosis) or any other abdominal pathology in
the CT study, abnormal renal serum biochemical
values and/or abnormal urine specific gravity,
and cats that the CT study performed after a trau-
matic episode, e.g., a road traffic accident (RTA),
fall from height, were excluded from the study.
The information collected from the medical re-
cords included breed, age, sex, neutered status
and body weight (BW).

Hellenic Journal of Companion Animal Medicine = Volume 11/ Issue 2 /2022
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(TL.X. EKPUALOTLKN, PAEyPOVWSENG/AoLPWSNG i veo-
TIAQOMATLKI VEQPLKI VOOOC, VEQPPLKA EJPPAKTAQ, VE-
PPLKN aoPBECTWON) 1] OTIOLASATIOTE AAAN KOLALOKN
mabnon otnv agovikr Topoypayia, yateg pe abo-
AOYLKEG BLOXNMLKEG TLHEG OPOU TWV VEPPWVY 1/Kat
TaBoAoyLko €L6Lk6 Bapog olpwy, KABWG Kat yATeG
OTLG oTtoleg N a&oVLKN Topoypayia TpayPatomoLn-
BnKe PETA ATIO TPAUHATLKO ETTELOOSLO, TL.Y. TpoXalo
atuxnpa, twon amno UPog. OL TTAnpowopieg TTou
OUMEXBNKav amod Ta LaTpLlka apxela mepAdppa-
vav tn QUAr, TNV nAwia, To QUAO, TNV Katdotaon
Tou {WOoU WG TIPOG TN OTE(PWON KAl TO CWHATLKO
Bdpog (ZB).

MpwTtoKoAAO ATELKOVLONG PE a§OVLKN
Topoypapia

META Tov TTpoavaloBnTIKO EAEYX0 KAl TNV KALVLKN
e€€taon, OAeg oL yateg UTIORANBNKAV OE YEVLKN
avatoBnota. KdBe yata tomoBetnBnke og otepVL-
K B€on. Ot peAéteg afovikn g Topoypaylag mpay-
patomow)dnkav pe tnv (Sta povasda 16 Topwv
(MX-16 slice, Philips Healthcare) kat mepteAaupa-
vav TNV KoWALd PE 1 xwplg GAAa Pépn TOU CWHATOG
avaloya pe Tov AOYo TG HEAETNG. Apéowg peTd
TO TEAOG TNG PEAETNG TIPLV TNV OKLAypagnaon, Xo-
pnynodnke ioversol (Optiray 320mg/ml, Guerbet),
€Vag PN LOVIKOG LwSLoUX0G OKLaypa@Llkdg Ttapa-
yovtag, o€ 86on 2 ml/kg péow svSo@AEBRLag €y-
xuong. H odpwon &ekivnoe 30-40 SeutepdAemta
HETA TNV £yXUON OKLAYPAPLKOU XPNOLUOTIOLWVTAG
TO (8L0 OTITLKO TIeSl0 pe TN PEAETN TPV amd T
okLaypdgnaon. Ol €LkOVEG TNG afOVLKAG Topoypa-
plag eAfpbnoav wg apyxeia DICOM (Digital and
Communication in Medicine).

Mé£Bo&oL pétpnong otnv agovikn
Topoypawia Kat avaAucn Se§opévwv

OL €lkdveg DICOM avaAuBnkav pe tn Xprion mpo-
ypdupatog poPoArg SeSopévwv DICOM (Osirix®,
Pixmeo SARL). OAa ta SeSopéva amelkoviotnkav
OE PLa 000V NAEKTPOVIKOU UTIOAOYLOTH Kal €L
AéxONKe éva mapdbupo paiakwv Lotwv (WL: 40,
WW: 400) yla tnv KaAUTepn amelkdvion Teo0 Twy
VEQEPWV 000 KAl TWV VEPPLKWVY ayyslwv Kat tng
aopth¢. Na tnv aglohdynon kat tn pETpnon tou
MAKOUG Tou 8eUTEPOU 00@ULkoU ottovsUAou (02)
eMAEXBNKe €va Tapdbupo ootwv (WL: 600, WW:
3000). ZTLG HEAETEG TIPLV TN OKLAypdAWnon XpnoLo-
TolBnke ToAveTiedn avakatackeur] (MPR) yla
TN PETPNON TOU PEYLOTOU PEYEBOUG KABE VEPPLKNAG
Sldotaong (pnkog, TMAGTog Kat UYPoC), Tou PAKOUG
Tou 8eUtepou 0oPUikoU orovSUAou (02) kat tng
SLapETpoU TNG KOWLAKAG aopthg (Ao). To pnkog
Tou vepouL (N) Statpolpevo Pe To prikog tou 02

CT scan imaging protocol

After the pre-anaesthetic screening and exami-
nation, all cats underwent general anaesthesia.
Each cat was positioned in sternal recumben-
cy. The CT studies were conducted by the same
16-slice  multidetector-row unit (MX-16 slice,
Philips Healthcare), and they included the abdo-
men with or without other body parts depend-
ing on the reason of the study. Immediately after
the end of the pre-contrast study, ioversol (Opti-
ray 320mg/ml, Guerbet), a non-ionic iodinated
contrast agent, was administered manually at a
dose of 2 ml/kg through intravenous injection.
The post-contrast scanning began 30-40 seconds
post-injection using the same field of view (FOV)
as the pre-contrast study. CT images were ob-
tained as Digital and Communication in Medicine
(DICOM) files.

CT measurement methods and data
analysis

DICOM images were analysed using a DICOM
viewer (Osirix®, Pixmeo SARL). All data were
displayed on a monitor device, and a soft tissue
window (WL: 40, WW: 400) was selected for the
best visualisation of both kidneys and related
structures such as the renal vessels and aorta. A
bone window (WL: 600, WW: 3000) was selected
to assess and measure the length of the second
lumbar vertebra (L2). Multiplanar reconstruc-
tion (MPR) was used in the pre-contrast studies
in order to measure the maximum size of each
renal dimension (length, width and height), the
length of the second lumbar vertebra (L2) and
the diameter of the abdominal aorta (Ao). The
length of the L2 divided by the renal length (K)
and Ao was used to calculate K/L2 and K/Ao ra-
tios. The renal length and width were measured
in the dorsal plane, and the height in the trans-
verse plane using the MPR images (Figure 1).
The renal length measu-red in the dorsal plane,
by drawing a line from the most cranial edge of
the cranial pole to the most caudal edge of the
caudal pole of the kidney. The height was meas-
ured in the transverse plane vertical to the short
axis line orientated from the middle of the renal
pelvis to the periphery of the kidney (Figure 1B).
For the width, first, a line connecting the cranial
and caudal pole was drawn. Then the width was
measured by drawing a line from the most lateral
point of the renal capsule perpendicular to the
line connecting the poles of the kidney passing
through the middle of the renal pelvis (Figure1C).
The length of the L2 was measured in the dor-
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Elkova 1. MoAuvenineseg elkdveg afoVIKAG Topoypagiag Tou apLotepouy
VEPPOU pLag ydtag mou Seixvouv tn pétpnon kabe laotaong oto ofe-
Awaio (A), eykdpoto (B) kat paytaio (C) emimedo. H, Oog- L, prjkog- W,
TIAATOC, (Ttnyn ewkdvwy: apxeio tou Dick White Referrals)

Figure 1. Multiplanar CT images of the left kidney of a cat demonstrat-
ing the measurement of each dimension in sagittal (A), transverse (B),
and dorsal (C) planes. H, height; L, length; W, width. (source of the images:
archive of Dick White Referrals)

Dimensions of normal feline kidneys
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ELKOVa 2. To prjkog Tou §€0TEPOU 0GQUIKOU GTIOVEUALKOU CWHATOG E-
TpriBnke oto payLaio eminedo (C, MpAoLvn ypappr) HETA TNV @appoyn
TIOAUETITTES NG AVAKATAOKEUNG. T13, §€Kato TP(To BwPaKLKO OTIOVSUALKO
owpa.

Figure 2. The length of the second lumbar vertebral body was meas-
ured in the dorsal plane (C, green line) after applying multiplanar recon-
struction. T13, thirteenth thoracic vertebral body.

Kal Ao XPNOLUOTIOLBNKE YL TOV UTIOAOYLOHO TWV
Aoywv N/O2 kat N/Ao. To prKog Kat To TAATOoG Tou
VEQpPOU peTpnBnkav oto paylaio eminedo kat to
UYPOG OTO EYKAPOLO ETUTIESO PE TN XPHON TwV &L-
KOvwv MPR (Ewkova 1). To prKog Tou veppol pe-
TprOnKe o0TO payialo emimedo, Pe tn xapagn pLag
YPOHHNG aTIO TO TILO KPAVLAKO OPLO TOU TIPpOcHLou
TIOAOU €WC TO TILO oupaio 6pLo tou omicBlou To-
A\ou tou vepou. To UPog HETPHONKE OTO EYKAPOLO
emninedo kdBeta otn ypappn tou Ppaxeog agova
TOU VEQPOU TIOU OUVSEEEL TO PECO TNG VEPPLKNG
TUEAOU HE TNV TIEPLPEPELA TOU VePpoU (Elkdva
1B). 'l to MAATOG, ap)LKa XapdyOnke pia ypapun
TIOU CUVESEE TOV TIPOCOLO pE TOV OTILGOLO TIOAO.
TTn OUVEXELQ, TO TIAATOG PETPNONKE PE TN XApagn
YPOHHNAG aTO TO TILO TIAAYLO ONHELO TNG VEPPLKAG
KApag KABeTa TIPOG TN YPAWMN TIOU CUVSEEL TOUG
TIOAOUC TOU VEPPOU Kal SLEPYETAL ATIO TO PECO TNG
VEQPPLKNG TIUEAOU (Elkdva 1C). To prkog tou 02 pe-
TpNOnKe o0TO payLaio eminedo, oTn PEON TOU OTIOV-
SUALkOU owpatog (Ewkdva 2) kat n SLAPETPOG TNG
aopTNG HETPRBNKE oTo paytalo eminedo, omodlwg
TNG apLOTEPNG VEPPLKNAG aptnpiag (Eltkova 3). OAeg
Ol PETPNOELG yla TLG VEPPLKEG Slaotdoelg, 02 kat
Ao Tipaypatoto)fnkav TPELG Yopeg yla KABe ve-
QPO KaL N PEYLOTN PETPNON ETAEXONKE yLa Xprion
OTn PEAETN.

To Tax0G Tou VePpLkoU @AoLol (MN®) kdBe ve-
@POU PETPRBNKE 0TNV AEOVLKI) TOPOYPAPLKN PEAE-
TN Tou Tep\AUBave Xopriynon oKlaypa@lkoU e
OKOTIO TN BeAtiotomoinon Twv oplwv PeTagy tou
VEPPLKOU PUEAOU Kal Tou (AOLOU yla TNV akpLpe-
OTePN €KTiPNoN Tou Tdyoug Tou TeAeutaiou. To
MN® petpriBnke oto paylaio emninedo, o€ 3 onpeia,
OTIOU N €UpEla BAon TNG VEPPLKAG TTUpapidag Ttou
HUgAOU oploBeteital oawe. MNa tn peETpnon g

ELkOva 3. Métpnon tng Slapétpou tng aoptrg oto paytato emimedo
(C) petd v e@appoyr] TIOAVETMESNG AVAKATACKEUNG. Ao, SLAPETPOG
aoptnc- LRA, aplotepr) vepplkn aptnpia- RRA, Se€Ld veppukr aptnpla.

Figure 3. Measurement of the aorta diameter on the dorsal plane (C)
after applying multiplanar reconstruction. Ao, aorta diameter; LRA, left
renal artery; RRA, right renal artery.

sal plane at the mid-level of the vertebral body
(Figure 2), and the aorta diameter was measured
in the dorsal plane immediately caudally to the
left renal artery (Figure 3). All measurements for
the renal dimensions, L2 and Ao were performed
three times, and the maximal dimension was se-
lected for each kidney.

The Renal Cortical Thickness (RCT) of each kid-
ney was measured in the post-contrast series to
improve the delineation between the renal me-
dulla and cortex for a more accurate thickness
assessment of the latter. The RCT was measured
on the dorsal plane, in 3 points, where the broad
base of the medullary pyramid was clearly deline-
ated. For the measurement of the RCT, a line was
drawn perpendicular to two conceivable parallel
lines representing the edge of the base of the
medullary pyramid and the edge of the renal cap-
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Elkova 4. MeAétn afovikAg Topoypagiag petd amoé oklaypdgnon
o€ Tapabupo palakwv poplwv PETE TNV epappoyr| TIOAUETIESNG
avakataokeung (A). Metd tnv MPR, To Tdxog Tou ve@pLkoU pAoLol
petpdrat oto paylaio eminedo (B) wg n andotacn ard to mpocbLo
AKPO TNG BACNG TNG HUEALKNAG TTUpaiSag £wg To oTtiobLo Akpo TG Ve-
@PLKAG KaPag oe 3 onpeia (Aeukd BEAN), OTou Tapatnpeital capwg n
€UpELa BAon NG PUEALKAG TTUpapidag.

Figure 4. Post- contrast CT study in a soft tissue window after appli-
cation of multiplanar reconstruction (A). After MPR, the renal cortical
thickness is measured on the dorsal plane (B)as the distance from
the leading edge of the base of the medullary pyramid to the trailing
edge of the renal capsule at 3 points (white arrows), where the broad
base of the medullary pyramid is clearly observed.

MN®, xapdxbnke pla ypappn kabetn o€ Suo von-
TEG TTAPANANAEG YPAPHEG TIOU AVTUTPOCWTIEVOUV
TO OpLO TNG BACNG TNG VEPPLKAG TTUpAPLSag KAt TNG
VEQPLKNG Kapag (Etkova 4). Ztn cuvéxela, UTIOAO-
ylotnke o p€ocog OPOG TWV TPLWV PETPHOEWV Kal
XPNOLHOTIOWBNKE N PECN TLUN yLa Tov KABE Vepo.

'OANEG OL PETPAOELG TipaypaToTow)Bnkav pia popa
amd évav amod toug ocuyypageig (M.M.) autrig tng
MEAETNC, xwpIC yVwon Tou Lotoplkol TwV acBevwv.

ZTATLOTLKN avaAucon

H nAwkia, to owpatikd Bdpog, n SLAPETPOG TG
KOWALOKAG 00PTrG, TO PAKOG TOU SeUTEPOU 0CYU-
kol oToVEUAOU, OL VEPPLKEG SLAOTACELG, TO Tid-
XOG TOU VEQPLKOU PAoLoU Kal oL Adyol N/O2 kat
N/Ao gkppdotnkav wg pécog dpog + TA. TEAog, oL
MEOEG TLUEG ouYKpiBNKav pe tn Slevépyela t-test
aveEapTnTwy Selypatwy. ‘OAEC OL OTATLOTIKEG ava-
AUCELG TIpaypatoToldnkav e tn Xprjon otatlott-
KoU AoylopikoU (IBM SPSS statistics, ékSoan 26.0,
Chicago, IL, USA) kat n oTATLOTLKY) ONUAVTLKOTNTA
oplotnke wg p< 0,05.

sule (Figure 4). Subsequently, the three measure-
ments were averaged, and the mean value was
used for each kidney.

All measurements were performed by a sin-
gle operator (P.M.) on a single occasion without
knowledge of the patients’ history and signal-
ment.

Statistical analysis

The age, body weight, abdominal aortic diam-
eter, length of the second lumbar vertebra, the
renal dimensions, the renal cortical thickness,
and the K/L2 and K/Ao ratios were expressed as
mean + SD. Finally, the mean values were com-
pared by running independent samples t-test. All
statistical analyses were performed using statis-
tical software (IBM SPSS statistics, version 26.0,
Chicago, IL, USA), and statistical significance was
set as p< 0.05.

Results

A total of 262 cats had an abdominal CT during
the study period. From these, 10 female neutered
cats and 4 male neutered cats met the inclusion
criteria. Eleven cats were domestic shorthair
and three were domestic long hair. The mean
age was 9.47 + 3.5 (range: 3.25-14.42) years. The
mean body weight of the population of cats in
this study was 4.27 + 0.96 (range: 2.2-5.8) kg. The
mean length of the L2 was 1.75 + 0.12 (range:
1.56-1.97) cm, and the mean diameter of the Ao
was 0.39 + 0.04 (range: 0.32-0.48) cm.

The kidney dimensions, K/Ao, and K/L2 ratios,
the renal cortical thickness, and the compari-
son results between the two kidneys are shown
in Tables 1 and 2. The right kidney had a mean
length of 3.99 + 0.33 (range: 3.58-4.8) cm, a mean
width of 2.76 + 0.33 (range: 2.35-3.39) cm, and a
mean height of 2.31 + 0.21 (range: 1.97-2.66) cm,
whereas the mean left renal length was 3.91 +
0.34 (range: 3.32-4.61) cm, the mean width was
2.79 + 0.29 (range: 2.4-3.37) cm, and the mean
height was 2.44 + 0.2 (range: 2.09-2.81) cm. There
was no statistically significant difference in the
length, width, and height (P= 0.521; P= 0.790; P=
0.123, respectively) between the two kidneys. In-
cluding the values from right and left renal meas-
urement, the mean renal length was 3.95 + 0.33
(range: 3.32-4.8) cm, the mean renal width was
2.77 + 0.3 (range: 2.35-3.39) cm, and the mean
renal height was 2.37 + 0.21 (range: 1.97-2.81)
cm. The mean K/Ao ratio for the right kidney
was 10.25 + 1.25 (range: 7.54-12.38), while the K/
L2 ratio was 2.29 + 0.19 (range: 1.99-2.67). The
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AmtoteAécpata

YUVOALKA 262 ydteg uttoBARBNKav og agovikr) Topo-
ypawia koiag katd tn SLdpkeLa tnG EPLOSOU PEAE-
NG. ATtd autég, 10 BNAUKEG OTELPWHEVEG YATEG KaL 4
OPOEVLKEG OTELPWHEVEG YATEG TIANpoUcaV Ta KPLTA-
pLa évtaéng. ‘EVieka yAteg ATav KOWEG Eupwtatkeg
KOVTOTPLYEG KaL TPELG KOWVEG EupwTtatkég pakpUTpL-
X€C. H péon nAwia Atav 9,47 + 3,5 (€Vpog: 3,25-14,42)
€tn. To YECO OWPATLKO BAPOC Tou TTANBUGCHOU TwV
YOTWV autrg tng peAétng Atav 4,27 + 0,96 (eVpog:
2,2-5,8) KIAA. To péoo pnkog tou 02 Atav 1,75+ 0,12
(eUpog: 1,56-1,97) €k., KaL N péan SLAPETPOG Tou Ao
Atav 0,39 + 0,04 (eVpog: 0,32-0,48) k.

OL 8La0TACELG TWV VEPPWV, oL Adoyol N/Ao kat N/
02, to TdY0G TOU VEQPLKOU (PAOLOU KAl TA ATIOTE-
Aéopata tng oUYKpLonG HETAEL Twv U0 VEPPWVY
Tmapouactdlovtat otoug Mivakeg 1 kat 2. O SeELog
VEQPPOG gixe péoo pnikog 3,99 + 0,33 (evpoc: 3,58-
4,8) €k., péoo TAGTOG 2,76 + 0,33 (gVpog: 2,35-3,39)
£K., KaL g€oo UPoc 2,31 + 0,21 (eVpog: 1,97-2,66) &K.
EVW TO PECO HPAKOG TOU apLoTtepol VEPPOU rTtav
3,91 + 0,34 (gUpog: 3,32-4,61) €k., TO PECO TIAATOG
Atav 2,79 + 0,29 (eVpog: 2,4-3,37) eK. KalL To Péco
Odog Ntav 2,44 + 0,2 (eVpog: 2,09-2,81) eKk. Aev
UTINPXE OTATLOTLKA CNUAVTLKNA SLagopd O0TOo PNKOG,
To TIAATOG Kat To UYog (P= 0,521, P= 0,790, P= 0,123,
avtiotolya) HETAEL TWV SUO VEPPWV. ZUPTIEPAAH-
Bavopévwy Twv TLHwv and tn pEtpnon tou e&ov
KAl Tou apLotepol VEPPOU TAUTOXPOVa, TO HECO
HAKOG Tou vewpou rtav 3,95 + 0,33 (gupog: 3,32-
4,8) €K., TO J€0O TIAATOG TOU VeppoU ftav 2,77 + 0,3
(eVpog: 2,35-3,39) k. KaL TO PECO UPOG TOU VEPPOU
Atav 2,37 £ 0,21 (eVpog: 1,97-2,81) ek.. O Yéoog Ao-
yo¢ N/Ao yla tov 8g€Ld veppd ntav 10,25 + 1,25 (€0-
pOG: 7,54-12,38), evw 0 Adyog N/O2 rjtav 2,29 + 0,19
(eVpog: 1,99-2,67). OL avtiotolyeg WETPAOELS yLa
TOV apLOTEPO VEPPO RTav 10,04 + 1,22 (eVpog: 7,35-
12,03) kat 2,24 + 0,18 (eVpog: 1,97-2,61), avtiotolya.
Agv UTTIIPXE OTATLOTLKA ONPAVTLKNA Slagopd PETAgL
TWV 8U0 VEQPWV OTLG HECEC TLHEG TWV Adywv N/Ao
kat N/O2 (P=0,644, P=0,498, avtiotolya). Ot péoot
Aoyol N/Ao kat N/O2, dtav petpribnkav cupTept-
AQpBAVOUEVWY TWV PETPNOEWY KAl amod toug SUo
veppoug, Ntav 10,15 + 1,21 (epog: 7,35-12,38) kat
2,26 + 0,18 (gUpog: 1,97-2,67), avtiotolya.

‘Ocov aopd To TIAX0G TOU VEQPLKOU PAOLOU, N
péon T autou ntav 0,49 + 0,13 (gVpog: 0,36-0,85)
€K. OTOV S€&LO VEPPO, EVW OTOV APLOTEPO VEPPO
rtav 0,49 + 0,14 (eVpog: 0,36-0,87) eK. KaL n Stao-
pa peTafl Twv SUO VEPPWVY SEV NTAV OTATLOTIKA
onpavtikn (P=0,955). TéAog, oupmep appBavo-
HEVWV TWV PETPAOEWV TOU TIAXOUG TOU VEPPLKOU
AOLOU Kat aro toug SU0 VEPPOUG, TO PECO TIAXOG
TOU VEPPLKOUL pAolol Atav 0,49 + 0,13 (eVpog: 0,36-
0,87) ek.

Dimensions of normal feline kidneys

corresponding measurements for the left kidney
were 10.04 + 1.22 (range: 7.35-12.03) and 2.24 +
0.18 (range: 1.97-2.61), respectively. There was
no statistically significant difference between the
two kidneys in the mean K/Ao and K/L2 ratios
(P=0.644; P=0.498, respectively). The mean K/Ao
and K/L2 ratios, when measured including meas-
urements from both kidneys, were 10.15 + 1.21
(range: 7.35-12.38) and 2.26 + 0.18 (range: 1.97-
2.67), respectively.

Regarding the renal cortical thickness, the
mean renal cortical thickness was 0.49 + 0.13
(range: 0.36-0.85) cm thick in the right kidney,
while in the left kidney, it was 0.49 + 0.14 (range:
0.36-0.87) cm thick, and the difference between
the two kidneys was not statistically significant
(P= 0.955). Finally, including the renal cortex
thickness measurements from both kidneys, the
mean renal cortical thickness was 0.49 + 0.13
(range: 0.36-0.87) cm thick.

Discussion

This retrospective study shows that measuring
kidney dimensions and renal cortical thickness in
CT studies of cats is feasible. In our study, we con-
cluded that the mean pre-contrast dimensions of
the right kidney were 3.99 + 0.33 cm in length,
2.76 + 0.33 cm in width, 2.31 £ 0.21cm in height,
whereas those of the left kidney were 3.91 + 0.34
cm, 2.79 £ 0.29 cm, 2.44 + 0.20 cm, respectively.
The mean RK/L2 and LK/L2 ratios were 2.29 + 0.19
and 2.24 + 0.18, respectively, and the mean RK/
Ao and LK/Ao ratios were 10.25 + 1.25 and 10.04 +
1.22, respectively. The mean post-contrast renal
cortical thickness for the right kidney was 0.49 +
0.13 cm and for the left 0.49 + 0.14 cm. There was
no statistically significant difference identified in
the measurements between the kidneys in our
study.

In the veterinary literature, there are published
reports of kidney dimensions in different modal-
ities. For example, in ultrasound, feline kidneys
can measure 3.2to 4.1 cm in length, 2.2 to 2.8 cm
in width, and 1.9 to 2.5 cm in height, according to
Walter et al. 1987. These results are in agreement
with a most recent ultrasonographic study (Park
et al. 2008). In the same study by Park et al. 2008,
the authors measured the renal cortical thickness
that was 0.47 + 0.08 cm in the left kidney and 0.47
+ 0.08 cm in the right kidney and the gross-ana-
tomical renal dimension measurements showed
no significant difference compared to the ultra-
sonographic measurements. The normal renal
length in radiography is considered to be 2.4-3.0
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Napapetpog (ek.) EUpog (eK.) Mégog 6pog (+TA)
Mnkog 3,58 - 4,80 3,99(£0,33)
AgELoG veppoG (AN) MAdtog 2,35 - 3,39 2,76 (+0,33)
Ygog 1,97 - 2,66 2,31(+0,21)
MrjKog 3,32 - 4,61 3,91 (£ 0,34)
ApLotepdg vepog (AN) MAdtog 2,40 - 3,37 2,79 (+0,29)
‘Ygog 2,09 - 2,81 2,44 (+0,20)
MrKog 3,32 - 4,80 3,95(+0,33)
Kat ot 0o veppot (N) MAdTog 2,35 - 3,39 2,77 (0,30)
Ygog 1,97 - 2,81 2,37(£0,21)
®AoL6g 5£ELov veppou (PAN) Mayog 0,36 - 0,85 0,49 (+0,13)
®AoLég apLatepol veppou (PAN) Néyog 0,36 - 0,87 0,49 (+0,14)
®AoLdG KaL Twv §Vo vepwv (PN) MNayog 036 - 0,87 0,49 (£ 0,13)
KotAtakn aopth (Ao) Adpetpog 0,32 - 0,48 0,39(+0,04)
ii:’:j::;::"‘;:::(‘:g; MFKoC 1,5 - 1,97 1,75(£0,12)
A6yog N /Ao
AN /Ao 7,54 - 12,38 10,25 ( 1,25)
AN /Ao 7,35 - 12,03 10,04 (+1,22)
N /Ao 7,35 - 12,38 10,15 (¢ 1,21)
Néyog N /02
AN /02 1,99 - 2,67 2,29 (£0,19)
AN/02 1,97 - 2,61 2,24(£0,18)
N /02 1,97 - 2,67 2,26(+0,18)
oot SETITES | tn anin | (e e | oot
Mikog veppou 0,83 -0,18-0,34 P=0,521
MAdtog veppou 0,31 -0,27 - 0,21 P=10,790
"Yog veppou 0,13 -0,29-0,36 P=0,123
Nayog veppLkou pAotov 0,003 -0,11-0,10 P=10,955
Abyog N/Ao 0,22 -0,74-1,18 P=0,644
Néyog N/0O2 0,48 -0,95-0,19 P=0,498
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Nivakag 1.

Alaotdoelg veppuy,
péyLoTn SLAPETPOG TNG
KOWALOKNG 00PTAG KAl

HNKOG Tou SeUtepou
00pUIKOU oTIOVSUAOU,
OTIWG PETPNONKaV TIpLY amo
TNV €yXUON OKLAYPAPLKOU
(peNéteg TipLY amd
oklaypagnaon). To dyog
TOU VEQPPLKOU PAOLOV, OTIWG
HETPNONKE PETA TNV €yXUON
OKLOYPAPLKOU (HEAETEG PeTA
TN oKlaypagikn taon).

ZuvTtopoypawieg:

Ao ALAPETPOG KOLALAKIG AOPTHG
N Mnkog veppou

AN Mrkog 8e€Lov veppou

AN Mnkog aptotepol veppoU
TA Tumkn andkALon

Nivakag 2.

TUyKPLON TWV SLa0TACEWV,
N/Ao, tou N/O2 kat tou
TId(OUG TOU VEPPLKOU
@AoLOU peTagy tou

5e€LoU Kal Tou apLotepou
VEQPOU.

Zuvtopoypayieg:

Ao MéyLotn SLapetpog
KOLALOKNAG Q0pTAG

CI Adotnpa gpmiotoolvng

N Mnkog veppol

02 MnKog Tou SeUTEPOU
00pUIKOU 0TIOVEUAOU




Dimensions of normal feline kidneys

Parameter (cm) Range (cm) Mean (+SD)
Length 3.58 - 4.80 3.99(+0.33)
Right Kidney (RK) Width 2.35 - 3.39 2.76 (£ 0.33)
Height 1.97 - 2.66 2.31(£0.21)
Length 3.32 - 4.61 3.91(+0.34)
Left Kidney (LK) Width 2.40 - 3.37 2.79(+0.29)
Height 2.09 - 2.81 2.44(+0.20)
Length 3.32 - 4.80 3.95(+0.33)
Both Kidneys (K) Width 2.35 - 3.39 2.77 (+0.30)
Height 1.97 - 2.81 2.37(£0.21)
Right Kidney Renal cortex (RRC) Thickness 0.36 - 0.85 0.49(£0.13)
Left Kidney Renal cortex (LRC) Thickness 0.36 - 0.87 0.49(+0.14)
Both Kidney Renal cortex (KRC) Thickness 0.36 - 0.87 0.49 (+0.13)
Abdominal Aorta (Ao) Diameter 0.32 - 0.48 0.39(+0.04)
Vesr‘::::‘; ':;:";a([z) Length 1.56 - 1.97 1.75(£0.12)
K/Ao ratio
RK/Ao 7.54 - 12 .38 10.25 (+ 1.25)
LK/Ao 7.35 - 12.03 10.04 (+1.22)
K/Ao 7.35 - 12 .38 10.15 (¢ 1.21)
K/L2 ratio
RK/L2 1.99 - 2.67 2.29(+0.19)
LK/L2 1.97 - 2.61 2.24(£0.18)
K/L2 1.97 - 2.67 2.26 (£ 0.18)
Parameter for comparison Mean difference 95% CI §ta!:i§tical
between right and left kidney (lower-upper) significance
Kidney length 0.83 -0.18-0.34 P=0.521
Kidney width 0.31 -0.27-0.21 P=0.790
Kidney height 0.13 -0.29 - 0.36 P=0.123
Renal cortex thickness 0.003 -0.11-0.10 P=0.955
K/Ao ratio 0.22 -0.74-1.18 P=0.644
K/L2 ratio 0.48 -0.95-0.19 P=0.498

Hellenic Journal of Companion Animal Medicine

Table 1.

CT dimensions of kidneys,
the maximal diameter of the
abdominal aorta, and the
length of the second lumbar
vertebra as measured before
the injection of contrast
medium (pre-contrast
studies). The renal cortex
thickness as measured after
the injection of contrast
medium (post-contrast
studies).

Abbreviations:

Ao Abdominal aorta diameter
K Kidney length

RK Right kidney length

LK Left kidney length

SD Standard deviation

Table 2.
Comparison of the
dimensions, K/Ao, K/L2,
and renal cortex thickness
between the right and left
kidney.
Abbreviations:
Ao Maximal abdominal
aorta diameter
CI Confidence interval
K Kidney length
L2 Length of the
second lumbar vertebra
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zugntnon

Autr) n avadpoptkr JeAETn Selyxvel OTL N pétpnon
TWV SLa0TACEWV TWV VEQPPWV KAl TOU TIAX0UG TOU
VEPPLKOU (PAOLOU yaTwV OE PEAETEG AEOVLKNAG TOHO-
ypaplag slvat @Lktr. Ztn YeAetn pag, katalngape
OTO CUMTIEPACHA OTL OL PECEG SLAOTATELG TOU SEEL-
oU vepoU TipLv amd tn oklaypagpnon Atav 3,99 +
0,33 ek. o€ PAKog, 2,76 + 0,33 ek. o€ TAAtoG, 2,31 +
0,21 ek. o€ LY OG, EVW eKelva TOU apLOTEPOU VEPPOU
ntav 3,91 + 0,34 €k., 2,79 + 0,29 €k., 2,44 + 0,20 &x.,
avtiotolya. Ot péoot Adyot AN/O2 kat AN/O2 rtav
2,29 £ 0,19 kat 2,24 + 0,18, avtiotolyq, Kal oL JEool
Aoyot AN/Ao kat AN/Ao ftav 10,25 + 1,25 kat 10,04
+ 1,22, avtiotolya. To PECO TIAXOG TOU VEQPLKOU
PAOLOU PETA TN oKLaypApnon yla tov §e&Lo veppo
ftav 0,49 £ 0,13 k. KAl yLa Ttov aplotepo 0,49 + 0,14
€K. TN PEAETN Hag SV EVTOTILOTNKE OTATLOTLKA ON-
HavTikr Slagopd oTLG PETPNOELG PeTaL Twy SU0
VEQPWV.

TtV KTnvlatpikr BupAloypapia umapyouv 8n-
HOOLEUPEVEG avaopEG yld TLG SLACTACEL TWV
VEQPPWV pE SLdpopeg peBodoug. Ma mapddelypa,
OTOUG UTIEPNXOUG, OL VEPPOL TWV yaTWV PTTopouV
va €XouvV Pnkog 3,2 €wg 4,1 €K., TAATOG 2,2 €WG
2,8 €k. kaL UPog 1,9 €wg 2,5 k., CUPPWVA [IE TOUG
Walter et al. 1987. Ta amoteAéopata autd CUPPW-
voUV PE PLa TILO TIPOCYATN UTIEPNXOYPAPLKY| ME-
Aétn (Park et al. 2008). Ztnv {Sta peAétn twv Park
et al. 2008, oL cuyypayelg pEtpnoav To T oG Tou
@AoLoU Tou veppoU Tou Atav 0,47 + 0,08 k. oTOV
apLotepo veppd kat 0,47 + 0,08 ek. otov SeELo ve-
PO KAl OL CUVOALKEG PETPrOELG TWV AVATOPLKWY
SL00TACEWY TOU VEQPOU Sgv TIapouciacav onpa-
VTLKN SLapopd o€ oUYKPLON HE TLG UTIEPNYOYPAPL-
KEG HETPAOELG. TO PUGLOAOYLKO PKOG TOU VEQPOU
otnVv aktwoypapia Bewpeltal ot ival 2,4-3,0 wo-
PEC TO PNKOG TOU SeUTEPOU 0CYPUIKOU OTIOVSUAOU
(Barrett & Kneller 1972). MéxptL OTLyUAG, UTIAPXEL
povo pla Snuooleupévn PeEAETN ToU afloloyel
TQ HOPYOAOYLKA XOAPAKTNPLOTIKA TWV VEQPWV
O€ YATEG PE TN XPHon TN agovikrg Topoypaglag
(Darawiroj & Choisunirachon 2019). £& autr) tn pe-
AETN, OL SLACTACELG TWV VEQPWV TIPLV TN XPrion oKL-
aypag@kou Atav 3,54 + 0,46 k. o€ pkog, 2,45 + 0,27
€K. O€ TIAATOG Kat 2,05 + 0,23 ek. o€ UYPogG yLa Tov
5€€L0 vepd Kal 3,52 + 0,44 €k., 2,46 + 0,28 kaL 2,19 +
0,31 K. yLa Tov apLotepd veppo. EE dowv yvwpllel
0 OUYYPAYEQG, UTTAPXEL HOVO pia PEAETN payvnTL-
KNG topoypapiag mou afloloyel TG SLa0TACELG
TWV VEPPWVY, N oTtola OPWG aopd PoVo TLG YATEG
MNepotag (Dabanoglu & Pekoguz 2022).

To €0pPOC avaopag TIOU TIEPLYPAPETAL OTOUG
utteprixoug (Walter et al., 1987 Park et al. 2008) kat
OTLG akTwoypa@ieg (Barrett & Kneller 1972) émwg
ava@épbnkav Tapamavw, SLagépeL EAaYpWE amo

times the length of the second lumbar vertebra
(Barrett & Kneller 1972). So far, there is only one
published study assessing the feline renal mor-
phological characteristics in CT (Darawiroj and
Choisunirachon 2019). In this study, the pre-con-
trast CT renal dimensions were 3.54 + 0.46 cm in
length, 2.45 + 0.27 cm in width, and 2.05 +£0.23 cm
in height for the right kidney and 3.52 + 0.44 cm,
2.46 + 0.28, and 2.19 + 0.31 cm for the left kid-
ney. To the authors’ knowledge, there is only one
MRI study assessing the renal dimensions, but it
is breed-specific for Persian cats (Dabanoglu &
Pekoguz 2022).

The reference ranges described in ultrasound
(Walter et al., 1987 Park et al. 2008) and radio-
graphs (Barrett & Kneller 1972) mentioned above,
differ slightly from the results of our study, with
these two modalities underestimating the renal
size compared to the CT measurements of our
study. This underestimation might be explained
by the fact that CT multiplanar reconstruction
allows a more reliable measurement providing
three-dimensional images of the kidneys com-
pared to the two-dimensional ones that radio-
graphs and ultrasound provide, as described in
the human literature (Larson et al. 2011).

The renal dimensions reported in our study
disagree with the results of a CT study conduct-
ed on a healthy population of cats in Thailand
(Darawiroj & Choisunirachon 2019). The tech-
niques used for measuring the renal dimensions
in this study are almost identical, apart from
the width measurement, which was performed
slightly differently than in our study. The average
dimensions were lower in the population of cats
in Thailand. The difference in the results might
be related to the fact that the authors in the pre-
vious study included cats under the age of seven
months, which might have reduced the average
kidney dimensions and/or reflect a difference in
the kidney dimensions between Asian cats and
cats in the UK. According to an author’s experi-
ence (Mantis 2022, p. 87), some Asian breeds of
cats might have a renal length as low as 3.5 cm.
Another difference in our study was that our pop-
ulation of cats consisted of only neutered cats,
while the population of cats in the study conduct-
ed in Thailand consisted of both neutered and
entire cats. In the existing veterinary literature, it
has been reported that the reproductive status of
the feline patient might affect the size of the kid-
neys, with neutered cats usually having smaller
kidney sizes (Shiroma et al. 1999), so the differ-
ence found in our population might not reflect
the actual difference and could be even higher if
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TO ATOTEAEOPATA TNG HEAETNG PAG, HE TLG SUO QUTEG
pEBOSOUC Va UTIOTLHOUV TO PEYEBOG TWV VEPPWV
o€ OUYKPLON E TLG HETPNOELG PAG, PE TN XPHoN TG
a&ovikng topoypawpiag. Autr n umotipnon propst
va €€nynBel amo To yeyovog OTL N TIOAUETILTIESN
QVOKATAOKEUN TNG afoViKNG Topoypaglag emitpé-
TIEL PLA TILO AELOTILOTN PETPNON TIapEXovTag TpLo-
SLA0TATEG ELKOVEG TWV VEQPWVY O GUYKPLON HE TLG
5L081A0TATEG ELKOVEC TIOU TTIAPEXOUV OL AKTLVOYPa-
PLEG KAL O UTIEPNYOG, OTIWG TIEPLYPAPETAL KAL OTNV
avBpwrivn BLBAloypawia (Larson et al. 2011).

OL VEQPLKEG SLAOTACELG TIOU ava@epBnkav otn
HEAETN pag SLaPwVoUV PE TA ATIOTEAEOHATA PLAG
HEAETNG afoviknG Topoypagiag veppwy Tou St-
€€nxOn oe vyl MANBuopd yatwv otnv Tailavén
(Darawiroj & Choisunirachon 2019). OL TEXVLKEG
TIOU XpPNOLPOTIOBNKAV yla T HPETPNON TWV VE-
PPLKWV SLOCTACEWV OE aUTH TN PEAETN €lval Ta-
VOMOLOTUTIEG, EKTOC ATIO TN PETPNON TOU TAATOUG,
n oTtola TIPAYHATOTIOL ONKE EAAPPWG SLAPOPETIKA
armo tn 8K pag YeAeTn. Ot YEoEG SLAOTATELG NTAV
XapnAdtepeg otov MANBUOPO Twy yatwv otnv Ta-
Aavén. H SLapopd ota amoteAéopata pmopel va
oxetidetal pe To yeyovog OTL OL CUYYPAWELG oTnV
TIPONYOUPEVN PEAETN cupTiepLlEAaBav yateg nAwki-
aG KATW TWV EMTA PNVWY, Yeyovodg Tiou PTtopel va
Helwoe TLG PEOEC SLAOTACELG TWV VEPPWVY T/Kat
va avTkatomtpilel yia Slapopd otLg SLAoTACELG
TWV VEPPWV HETAEL TWV AOLATIKWY YATWVY KAl TWV
yatwv oto Hvwpévo Baoilelo. TUppwva Pe TNV
eumeLpla evédg amo toug ouyypaweic (Mdavtng 2022
o€\, 87), OPLOPEVEG AOLATIKEG PUAEG YATWV EVSEYE-
TAL VA £X0UV PNKOG VEQPOU POALG 3,5 K. MLa GAAn
Slapopd otn PEAETN pag Atav otL o TANBuopdg
TWV YaTWV PJag artoTeEAOUVTAV HOVO amod OTELPWE-
VEG YATEG, EVW 0 TIANBUOPOG TWV YOTWV OTN PEAETN
mou 8Le€nxOn otnv TaiAdvén amoteAovvtav TOCo
aTTO OTELPWHEVEG 00O KAL ATIO AKEPALEG YATEG. TTNV
uTtdpyouca Ktnviatpikn BipAoypagpia €xel ava-
PepBel OTL N avanapaywylkr) katdotacn propet
Va ETINPEACEL TO PEYEDOG TWV VEQPWVY, E TLG OTEL-
PWHEVEG YATEG VA £XOUV CUVHBWE PLKPOTEPO PEYE-
Bog veppwv (Shiroma et al. 1999), omdte n Slago-
pa Tov SlamiotwOnke otov TANBUOUO pag pTopel
va PNV avtavakAd tnv Tipaypatikn Stagopd Kat
Ba pmopouce va elvat akopn Peyalutepn €av ot
MEAETN pag TepAapBavovtav akepateg yateg. Me
Bdon tnv Slapopd Tou Ttapatnprndnke ota peyeon
TWV SU0 PeEAETWV eyeipetal n umoia otL ot Sia-
OTACELG TWV VEPPWV TWV ACLATIKWY YATWV PTIopEL
va lvat plkpotepeg and TG ydteg oto Hvwpévo Ba-
ol\eLo. TENOG, ot péooL Adyol N/O2 kat N/Ao, 2,22 +
0,23 kat 10,36 + 1,33, Tou avagepBnkav amo Toug
Darawiroj kat Choisunirachon, 2019, Bplokovtal o€
EAAPPWE KAAUTEPN CUPPWVLA PE Ta SIKA pag aro-

Dimensions of normal feline kidneys

entire cats were included in our study. This obser-
vation raises a further suspicion that the kidney
dimensions of Asian cats might be smaller than
the cats in the UK. Finally, the mean K/L2 and K/
Ao ratios, 2.22 + 0.23 and 10.36 £ 1.33, reported
by Darawiroj & Choisunirachon 2019, were in
slightly better agreement with our results of 2.26
+ 0.18 and 10.15 + 1.21, respectively. That might
be associated with the more stable length of the
second lumbar vertebra and aorta diameter in-
dependently of the cat’s size, age, and gender.
However, further studies with a bigger sample
size are warranted before drawing into conclu-
sions.

To the authors’ knowledge, this is the first study
attempting to measure the renal cortical thick-
ness in CT. The average renal cortical thickness
of the right kidney was 0.49 + 0.13 cm thick and
0.49 £ 0.14 cm in the left kidney. In the human
literature, an ultrasonographic study (Beland et
al. 2010) showed that RCT is more closely related
to the estimated glomerular filtration rate (eGFR)
compared to the kidneys’ length. Furthermore,
an ultrasonographic study in cats has shown that
cortical thickness has a stronger linear correla-
tion with the reciprocal of the serum creatinine
concentrationand superior diagnostic perfor-
mance of CKD compared to other kidney dimen-
sions (Yan et al. 2020). This study concluded that
decreased renal cortical thickness is observed
in cats with loss of renal function, and measure-
ment of cortical thickness using ultrasonogra-
phy could be a valuable method to evaluate CKD
progression in cats. Based on that, the reference
values provided here might be beneficial in the
future for the detection and monitoring of CKD in
cats based on CT, although the results should be
interpreted with caution due to the small sample
size in our study and further studies are warrant-
ed before drawing any conclusions.

Our study has also some limitations. The small
sample size, the absence of gross anatomy to
correlate to the actual size of the kidney, and the
lack of histopathology to confirm the lack of renal
disease are some drawbacks of this study. The
study’s retrospective nature is another limitation
as it does not allow the application of standard-
ised protocols in the study design. Also, the USG
was not available in all cats in this population. So
that might affected the results of this study as we
do not know if the remaining cases had a normal
USG, and we relied upon the renal biochemical
values only in these cases. In addition, the renal
values assessed omitted the most recent sym-
metric dimethylarginine (SDMA) serum renal bi-
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teAéopata 2,26 + 0,18 kat 10,15 + 1,21, avtiotolya.
AuTO pmopel va oxetiletal pe To otabepOTEPO PNy
KOG ToU 8€UTEPOU 00YULKOU OTIOVSUAOU Kal T SLa-
HETPO TNG aoptrg avegaptnta and to peyedog, Tnv
NAkkia kat To @UAo tng ydatag. Qotdco, amnaltou-
VTAL TIEPALTEPW PEAETEG PE PEYOAUTEPO pEyeBOG
Selypatog TpLy amo tnv €aywyr] CUPTIEPACHATWV.

EE 6owv yvwpilouv oL ocuyypaweic, autn elvat n
TIPWTN PEAETN TIOU ETILYELPEL VA PETPOEL TO TTAXOG
TOU VEPPLKOU (PAOLOU ME TN XPpron a&ovikng Topo-
ypapiag. To H€oo TIaX0G TOU VEQPLKOU PAOLOU TOU
S€€Lou veppou nNtav 0,49 + 0,13 &k., kat 0,49 + 0,14
€K. OTOV apLOTEPO VEPPO. ZTnv avBpwrivn BLBAL-
oypapia, yia utepnyxoypa@ikr perétn (Beland et
al. 2010) €8¢1&e 6t to NMN® oxetidetal KAAUTEPA HE
TOV EKTLHWUEVO pUBPO OTElpapatikig Stibnong
(eGFR) OUYKPLTIKA WE TO PNKOG TWV VEQPWV. ETiL-
TIAEOV, PLO UTTEPNXOYPAPLKI] HEAETN OF YATEC E6EL-
&€ OTL 10 TIdY0G TOU PAOLOU EXEL LOXUPOTEPN YPOAM-
HLKr] OUOXETLON PE TN OUYKEVTPWONG KPEATLVIVNG
opoU Kat KaAUTepN Stayvwotikr andsoon tng XNN
og oUYKPLON PE AANEG SLAOTACELG TWV VEQPWV (Yan
et al. 2020). H peAétn autr) katéAnge oto cupTépa-
opa Ot apatnpeltat pelwon tou Tdyoug Tou Ve-
@PLKOU PAOLOU O€ YATEC PE ATIWAEL TNG VEQPPLKAG
AeLtoupylag Kal n PETPNON TOU TIAXOUG TOU PAOL-
oU pe TN xpnon utepnxoypagiag Ba pmopouoe va
amoteAéoel TIOAUTIUN PEB0SO yLa tnv afloAdynon
g €&EALENG TG XNN otLg yateg. Me Bdon autd, ot
TIPEG avagopdg TIOU TIapEXOVTAL oTnv Tapoloa
peAETn pmopel va elvatl xprioLPeG oto PeNAOV yLa
TV aviyveuon kat tnv mapakoAouBnon tng XNN
o€ ydteg pe tn Xxprion agovikng topoypagiag, av
Kal Ta amoteAéopata Ba TIPETEL va pPNVEUTOUV
HE TIpocox AOYyW TOU HLKPOU peyeboug Tou Sely-
HATOG OTN PEAETN PAG KAl TIEPALTEPW PEAETEG ElvaL
amnapaitnteg mpLv anod tnv eEaywyr) CUPTIEPACHA-
Twv.

H peAétn pag €xeL emiong opLopEvouG TiepLlopL-
opoUG. To PKPO péyeBog Tou Selypatog, n amou-
ola JOKPOOKOTILKNG QVATOMPLKNAG €E€Taong yla T
OUOYXETLON HE TO TIPAYHATIKO pEyEBOC TOU VEPPOU
Kat n éMewpn LotomaboloyLkng §€taong ya tnv
enBePaiwon tng amouoilag VEQPLKAG VOoOOU aTto-
TEAOUV OPLOPEVA PELOVEKTNHATA QUTHG TNG HEAE-
NG O avadpoptkdg Xapaktrpag tng PHEAETNG elval
€vag AAOG TIEPLOPLOPOG, KABWG SV ETILTPETEL TNV
€(QApPUOYI TUTIOTIOLNHEVWY TIPWTOKOAAWY OTO O)XE-
SLaopo6 NG peAETNG. ETiiong, To €L8LkO BApog Twv
oUpwvV &ev NTav SLABECLPO 0 OAEG TLG YATEG AuU-
ToU Tou TAnBucpoL. ETol, auto pmopel va ennpéa-
O€ TA ATIOTEAECHATA AUTHG TNG MEAETNG, KaBwG Sev
yvwpl{oupPe av oL UTIOAOLTIEG TIEPUTTWOELG €lyav
(PUOLOAOYLKO €L8LKO BApog oUpwv Kal Baclotrka-
HE POVO OTLG VEPPLKEG BLOXNULKEG TIPEC OE QUTEG

omarker that allows detection of CKD earlier in
cats compared to serum creatinine values (Hall
et al. 2014).

In conclusion, this study shows that measure-
ment of the renal dimensions in cats is feasible
by using CT and the mean pre-contrast dimen-
sions of the right kidney are 3.99 + 0.33 cm in
length, 2.76 + 0.33 cm in width, 2.31 £ 0.21cm in
height, whereas those of the left kidney are 3.91
£0.34cm, 2.79 £ 0.29 cm, 2.44 + 0.20 cm, respec-
tively. The dimensions of the kidney when both
kidneys counted together are 3.95 + 0.33 cm in
length, 2.77 £ 0.30 cm in width and 2.37 £ 0.21cm
in height. The mean post-contrast renal cortical
thickness for the right kidney is 0.49 + 0.13 cm
and for the left 0.49 + 0.14 cm while, for both kid-
neys as a single measurement is 0.49 + 0.13 cm.
In addition, the renal cortical thickness reference
provided in this study can be used in future stud-
ies to evaluate and monitor CKD in cats. Finally,
further studies with a bigger sample size are war-
ranted for more sensitive, specific and accurate
measurement of the renal dimensions and to
evaluate their application in the clinical setting.
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TLG TIEPLTTTWOELG. ETILTAE0V, OTIO TLG VEQPLKEG TLUES
Tou a§LloloynBnkav TapaAeipOnke o Lo TpoCPa-
TOG VEQPLKOG BLOSEKTNG OpOU CUHPETPLKNAG SLE-
Bulapywvivng (SDMA) TToU ETILTPETEL TNV TIPWILUN
aviyveuon tg XNN oTLg YATEG CUYKPLTIKA MPE TLG
TLEG Kpeatwivng opoU (Hall et al. 2014).

SUMTIEPACHATLKA, N TIapouoa PEAETN Selyvel OTL
N PETPNON TWV SLACTACEWY TWV VEQPPWVY OTLG Ya-
TEG PE TN XPNON TG afovikng topoypagiag eivat
EPLKTN, KAL Ol PHEOEG SLAOTACELG TIPLV ATIO TN OKL-
aypagnon tou &e&lov veppou eival 3,99 + 0,33 ek.
o€ PNKog, 2,76 + 0,33 ek. o€ TAAtoC, 2,31 + 0,21 &k.
o€ UPoG, evw eKelveEG TOU apLotepoU vewpou elvat
3,91 + 0,34 k., 2,79 + 0,29 €k, 2,44 + 0,20 €k., QVvTi-
otolya. Ol 5LaoTACELG TOU VEPPOU OTav Kat ot SUo
veppol umtohoylotnkav padt eivat 3,95 + 0,33 k. o€
MAKOgG, 2,77 + 0,30 ek. o TAATOG KaL 2,37 £ 0,21 €K. o€
Udog. To PECO TIAXOG TOU PAOLOU TOU VEQPOU HETA
TN oklaypagnon yla tov Se€Ld veppo eivat 0,49 +
0,13 &k. kat ywa tov aplotepd 0,49 + 0,14 &k., eVw
yla toug SUo veppoUg we eviaia pétpnon etvat 0,49
+ 0,13 ek.. EmuTA¢ov, n avagpopd Tou Tdyoug Tou
VEPPLKOU (PAOLOU TIOU TIAPEXETAL OE AUTH TN PEAE-
Tn pmopel va xpnotporownBel o€ PEANOVTIKEG pe-
AETEG yLa TNV a&LoAdynon Kal Tnv apakoAoubnon
¢ XNN ot ydteg. TENOG, TIEPALTEPW PEAETEG UE
peyaAUTepo péyebog Selypatog eival amapaltnreg
yla pLa Lo gualodntn, eL8LKN Kat akpLpn pétpnon
TWV VEQPLKWY SLACTACEWV Kal TNV a&LoAdynon tng
€PAPHOYNG TOUG OTNV KALVLKI TIPAEN.

ZUYKPOUGH GUHPEPOVTIWV
OuL ouyypagelg SnAwvouv OTL Sgv UTIAPXEL OU-
YKPOUGH CUHPEPOVTWY

EuxapLotieg

OL ouyypayelg Ba nBehav va guxapLoTrioouV ToV
Meplavépo Mamapdpko yia tn BoriBeltd Tou oTNn
OTATLOTLKA QVAAUON TNG HEAETNG.
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