Accepted Manuscript

OURN. 0
QUINE
ETERINA
CIENCE

Renal Measures in Healthy Italian Trotter Foals and Correlation Between Renal and
Biometric Measures: Preliminary Study

llaria Lippi, Francesca Bonelli, Simonetta Citi, Valentina Meucci, Martina Sartoni,
Paola Marmorini, Micaela Sgorbini

Pl S0737-0806(17)30608-1
DOI: 10.1016/j.jevs.2017.09.009
Reference: YJEVS 2388

To appearin:  Journal of Equine Veterinary Science

Received Date: 29 August 2017
Revised Date: 24 September 2017
Accepted Date: 25 September 2017

Please cite this article as: Lippi |, Bonelli F, Citi S, Meucci V, Sartoni M, Marmorini P, Sgorbini M, Renal
Measures in Healthy Italian Trotter Foals and Correlation Between Renal and Biometric Measures:
Preliminary Study, Journal of Equine Veterinary Science (2017), doi: 10.1016/j.jevs.2017.09.009.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

bLOAIGEQ PA WICPIAIO (6|9 KICELCY - NUIAGLRNY O bley

7 COKE NEISQSIS™ CIISfI0OU SUQ 2MuNjgt bSb6ele Sf CoLe SC MK
=


https://core.ac.uk/display/147681806?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1016/j.jevs.2017.09.009

10

11

12

13

14

15

16

Renal measures in healthy Italian trotter foals and correlation between renal and biometric

measur es. preliminary study

llaria Lippi*, Francesca Bonelli Simonetta Cifi Valentina Meucdi Martina Sartorfi Paola
Marmorin?, Micaela Sgorbirti

Veterinary Teaching Hospital, Department of Vetarin Sciences, via Livornese snc, 56122, San
Piero a Grado (PI). Italy.

%Private Practitioner, Pisa.

Corresponding author:

Citi Simonetta

Veterinary Teaching Hospital

Department of Veterinary Sciences

Via Livornese snc. 56122, San Piero a Grado (Rily |
Phone number +390502210134

Email: simonetta.citi@unipi.it



17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Abstract

Aim. To evaluate ultrasonographic renal measures itthyetoals aged 1-6 weeks; 2) to verify the
correlation between biometric measures to ultragaphic renal ones.

Materials and methods. A total of 9 Italian trotter foals born in the sarstud farm and underwent
similar management conditions were enrolled. Iroluscriteria: normal gestation time; unassisted
delivery; normal physical examination at all evdiom times.

Length and height of both kidneys were measuredltrgsound weekly from 1 to 6 weeks of life,
along with the thoracic and the middle third of threetacarpal area circumferences. Data were
expressed as mean and standard deviation anddtgir was evaluated. One-way Anova was applied
to verify differences related to time. The Pearsomrelation test was carried out to evaluate the
linearity between time vs all the parameters mesbur student test was used to verify differences i
ultrasound measures between right and left kidnefl aecorded times. The Pearson test was applied
to a mean-variance matrix to verify the correlatlmtween each biometrical vs all renal measures.
Significance level was set at P<0.05.

Results. One-way Anova showed differences in biometric aedal measures related to time.
Correlation test revealed a linear growth. Differes in ultrasound renal measures between right and
left kidney were obtained. Correlation was fountaen biometrical parameters vs kidney measures.
Discussion and conclusions. Renal measures and differences between left ghd kidneys were in
line with literature. Correlation test revealedreeér growth. Renal growth is correlated with agd a

biometric measures.

Key words. Foal, ultrasonography, renal ultrasound measbiesjetric measures.
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I ntroduction

Ultrasonography of the abdomen represents an i@podiagnostic tool in equine neonates and it is
performed routinely in many equine practices [1[2]e to the smaller size and the minimal adipose
tissue, abdominal ultrasound is easier to perfarrfoals than in adult horses [3,4]. Ultrasonographi
examinations have been employed for the diagndsismary tract disorders in horses to evaluate,siz
shape, position and echogenicity of the kidneysN&jreover, ultrasonography has been suggested for
guiding percutaneous renal biopsy, and represdwsptimary noninvasive diagnostic method for
evaluating hematuria, renal failure, renal or perial masses and pyelonephritis in the horse [6].
Normal renal parameters and ultrasonography teaesidqo detect kidneys are well documented in
adult horses [7-12]. However, only few studies ba ¢valuation of ultrasonographic appearance and
location of kidneys [1,13], as well as renal dinmens, are available in foals [3,4].

In particular, Hoffman and collegues [3] studie@ ttorrelation between the renal anatomic features
performed on cadavers of foals and their sonogcapppearance in images obtained using different
planes. Aleman and collegues [4] reported the sdinagraphic carachteristics, location and variation
of thoracic and abdominal organs, included kidneygh relation to age and some biometrical
measures. The authors provided a growth tabledimparison with diseased foals.

The aims of the present study were; 1) to evaludtasonographic renal measures in healthy foals
aged between 1 to 6 weeks; 2) to verify the coiclabetween some biometric measures to

ultrasonographic renal ones.

Materials and M ethods

Animals and inclusion criteria

The present observational study was approved bingtgutional Animal Care and Use Committee of

the University of Pisa (D.R. 23506/2015). The owse&vritten consent was obtained for all the foals
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included in this study.

A total of 9 Italian trotter foals were enrolledtime study. All the animals were born in the saioe s
farm and underwent similar management condition® &ut of 9 were fillies and 4 out of 9 colts. The
following inclusion criteria were set: (1) marediysiological gestation time (>320 days) [14]; (2)
controlled delivery by an operator plus no needidé during birth; (3) normal clinical examinatiah

all times of ultrasound evaluation (hear rate, irespry rate, body temperature within physiological
ranges, moisty mucous membrane and capillary tefik <2 seconds, no alterations of mental status,
absence of particular behaviors, physiological cetfen, urination and milk ingestion, no

abnormalities at lymphonodes palpation) [15].

Animals handling and timing

All the foals were submitted to kidney ultrasoumdl diometric evaluations starting from day 7 (T7),
and every seven days (T14, T21, T28, T35), tilvéeks (T42) of life. All the procedures were
supported by 3 operators: one operator held the,nogre operator manually restrained the foal and a
third operator performed the biometric measurememd the ultrasound examination. All the
procedures were performed in the same handling @uk no pharmacological support was used.

During the procedures foals were always in thealifield of mares.

Biometric measures

The biometric measures, obtained in the standirad, fon were: 1) Thoracic (TH) circumference
measured from the end of the withers around theathonmediately caudal to the axillary region; 2)
Metacarpal Area (MA) circumference measured atrtiddle third level. All measures were carried
out using a flexible measuring tape for livestookl aecorded in cm. Each measure was performed 3
times for reproducibility and the average was usedstatistical analysis. Biometric evaluations gver
always carried out before the ultrasonographicuatain.
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Kidney Ultrasound

Alcohol and ultrasound gel were applied to the yopeld hair coat to provide appropriate contact. The
ultrasound examination was performed with each &ahding to avoid any change in position or
overlapping from other organs, as proposed by stfi@d]. One of the authors performed all the
ultrasound examinations using the scanning windoggorted in literature [3,4] and a portable
ultrasound system (Mylab30™, Esaote, Florencey)lduipped with a multi-frequency convex probe
(5-7.5 MHz). The ultrasound settings were changededed to optimize image quality.

The following measures were obtained: 1) Renal Lie(gL) defined as the longest cranio-caudal axis
of the kidney (Fig. 1); Renal Height (RH) definexithe longest dorso-ventral axis of the kidney.hBot
measures were obtained using the sagittal plankthatimage size was maximal and the renal pelvis
could be seen clearly.

All the images were recorded as cineloops of 1@h d»/ the ultrasound machine software. Renal
dimensions were measured on a still image by theesabserver using electronic calipers associated
with the ultrasound software (Mylab software, Esadflorence, Italy). Each measurement was

performed 3 times for reproducibility and the ageravas used for statistical analysis.

Statistical analysis

Data concerning biometric and ultrasonographic omegswere expressed as mestandard deviation
and Kolmogorov-Smirnov test was applied to verifgtad distribution. Data showed a Gaussian
distribution, thus a one-way Anova test for paidada and Tukey’s multiple comparisons tespes

hoc were carried out to verify differences both fonakand biometric measures related to time. The
Pearson correlation test was carried out to evaltla linearity between time vs all the parameters

measured. A T-student test was performed to veliffgrences between the ultrasonographic measures
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of right and left kidney at different time poinfBhe Pearson correlation test was applied to a mean-
variance matrix to verify the correlation betweed r TH circumferences vs right and left RL, right
and left RH. Significance level was set at P <O@&mnmercial statistical software was used (GraphPad

Prism 6. USA).

Results

Data concerning biometric and ultrasonographic mnessrelating to time are reported in Tables 1 and
2, respectively. Regarding biometric measures, lbth TH and MA circumferences statistically
increased since the third week of life (Table 1 #me growth is continuous over time till 6 weeks o
life. The RL and the RH of the right kidney statatly increased since the second week of lifenglo
with the RL of left kidney, while the left kidneyHRincreases since the third week of life (Table 2).

A positive linear relationship was found betweeandivs MA (Pearson r 0.98; P=0.0004) and TH
(Pearson r 0.99; P=0.0002) circumferences, rigltlaft RL (both Pearson r 0.99; P<0.0001), right
(Pearson r 0.99; P=0.0002) and left RH (Pearsof9; <0.0001).

Moreover, a positive linear relationship was alswnfd between MA vs right (Pearson r 0.98;
P=0.0004) and left RL (Pearson r 0.98; P=0.00008y between TH vs right (Pearson r 0.99;
P=0.0004) and left (Pearson r 0.99; P=0.0003) RH.

The T-student test revealed differences in RL meadfietween the right and left kidney at T28
(P=0.008), T35 (P<0.0001) and T42 (P=0.009), whiedifferences were obtained for RH between

right and left kidney at all recorded times.

Discussion
Renal ultrasound in foal is an important diagnosia for the early assessment of kidney diseakes [

4]. To the best of the authors’ knowledge there veady one study [4] evaluating renal
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ultrasonographic measures in foals and their caticel with the growing rate. In particular, Aleman
and collegues [4] evaluated ultrasonographically tiforacic and abdominal organs of 10 foals of
different breed from birth till 6 months of age acmimpared the measures to age, body weight and
height. In the present study we aimed to evaluaekly the renal ultrasonographic measures during
the first 6 weeks of life in a cohort of 9 Italiwotter foals and correlate these measures to ade a
biometric measures, such as thoracic and middtd-tdfithe metacarpal area circumferences.

The measures obtained for the length and heighotf kidneys were similar to those reported in othe
studies at different times [4].

Regarding the age, our results showed a contimaaity of both kidneys starting from the second-
third week of life, while the growth started sirtbe first week in a previous study [4]. This diface
might be due to the different ultrasound machingsduand/or to the different bred enrolled. In the
previous study [4] the authors included foals dfedent breed, while in this work we enrolled only
Italian trotter foals, in order to study breed-speand age-specific ultrasonographic parametars i
light of potential differences in normal growthedietween horse breeds. Moreover, the growing has a
linear tendency with time.

The left kidney was statistically longer than tight one starting from T28, while no differencesrave
observed for the height. Our results are in linthwhose reported by others, both for renal heggta
length [4].

Biometrical measures obtained in the present stuehe in line with what reported for Standardbred
foals [16] and the growth showed a positive linedationship with time. In the paper by Aleman and
colleagues [4], body weight and withers height witee biometrical measures compared with kidneys
ultrasonographic measures and they found no ctioetabetween them. In the present study we opted
to consider the middle-third of the metacarpal aed the thoracic circumferences and we found a

positive linear relationship between each biomatmeasures vs renal ones. This difference might be
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due to the different bred enrolled because in twdyswe included only Italian trotter foals, while

the previous study [4] mixed breed were used.

This study has some limits. The authors includéahanumber of foals, thus larger sample would be
assessed to establish reference ranges and relgoweth for ultrasonographic renal measures.
Moreover, no blood work or urine analysis have beeriormed, according to owner’s wishis.
Conclusion

In conclusions, we found a continuous growth stgrfrom 14-21 days of life for both kidneys and a
difference between the length of left and rightriég starting from 1 month of age. Correlations have
been found between time vs all the parameters medsand between each biometrical measures vs

kidney length and height.
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MA circumference (cm) TH circumference (cm)
T7 | T14 | T21 | T28 | T35 | T42| P T7 | T14 | T21 | T28 | T35 | T42 P

1 12 | 13 | 13| 14| 14| 145 89 | 91| 97| 103 105| 107

2 12 | 12.5| 12,5 13| 13| 13 87 | 90 | 96| 975 97.5  10(

3 12 | 12 | 12,5/ 13| 14| 14 87 | 89 | 93| 94| 102| 108

4 11 | 11.5| 12| 12| 12| 13 88 | 90 | 92| 94| 102.5 106

S 12 | 13 | 13| 145 145 145 96 | 100| 101| 101 102| 104

6 12 | 12 | 135/ 14| 14| 14 89.5| 90.5| 97| 100 100 100

7 12 | 12 | 125 124 13| 135 94 | 95 | 96| 96 08 100

8 13 | 14 | 14| 14| 14| 14 73 | 93| 97| 100/ 100/ 101

9 12 | 13 | 13| 13| 13| 135 89 | 93| 97| 101 101| 101

X | 12% [12.6%]12.9°]13.3°°| 13.5°| 13.8°|0.0001| 88 1% | 92.4% | 96.2" | 98.5™ | 100.9°°| 103.0° | 0.0001
SD | o5| 08| 06| 08| 08 | 06 64 | 34 | 26 | 33 | 23 | 33

214 Table 1. Biometric measures (cm) at different tpoets. Results are expressed as mean (X)zstandard
215 Deviation (SD). In the same rowgab£b#bcAc.

216 Legend - MA: Metacarpal Area; TH: thoracic.

11
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RIGHT KIDNEY LEFT KIDNEY
RL (cm) RH (cm) RL (cm) RH (cm)
T7 |T14| 121 |T28|T135|T42| P [ T7|T14 721|728 7135|7142 P | T7 |T14|T21|T28] 735 | T42 P [T7[T14|T121|T28]T35]T42] P

1|84| 82| 89/ 94 9.0 9.3 39| 39| 49) 49 49 48 87| 9.9| 96/ 9.8 9.8 10p 46| 45| 45| 46 43 4.6

2 | 81| 85 86/ 84 9.0 107 39| 43| 46] 45 46 49 7 713 74 97 1p0 103 38| 40| 40| 44 43 4f
3|70 76] 89] 9404 9 9.p 42 43 45 3§36 b7 6.0 90| 9.2] 10410.1] 10.1] 11.1 40 44 43 4p 48 52
4170 75] 78] 74 8 8. 411 42 45 41 ka1 |43 6.1 70| 75 80 102 108 35 35 35 B39 KO |45
5 [ 88] 9.1] 95/ 99 9% 95 413 4[4 30 30 ko [5.2 771 82| 9.8/ 9.8 10.0 10p A3 44 46 46 W7 |47
6 | 63| 63| 6.7 69 87 8.8 31 31 38 41 ke |46 75| 78] 82] 9.8 99 10p 49 49 51 %50 b0 |51
7 | 80| 84 85 84 9.0 9.0 38 39 40 41 k1 |2 79| 8.0 81| 10.011.2] 11.2 38 39 39 4p 41 42

8 | 78] 82| 83] 9404 9.0 9.1l 38 37 37 45 b1 51 8.8 ] 10.8/10.9] 9.9 | 10.0] 10.0 41 41 44 46 46 4.7

9 71| 73] 82] 84 88 9. 36 41 40 41 k2 |43 77| 84| 85 9.3 93 9.4 33 318 39 44 K4 s
X |76°]79° 84|86 |89 9.2°0.0001]3.9[4.0°]|43 45| 47°]|48|0001|78 |85 |89°|9.6°|10.1°]104|0.0005|4.0°| 417 | 4.3® | 45" | 45" | 4.7° | 0.0004
sD|08|08|08|08|04]|07 04| 04 | 05| 05|05]|06 09|12|13|06| 05| 06 05/04] 05|03]03]|03

218
219 Table 2. Renal Length (RL) and Renal Height (RHpath left and right kidneys (cm) at different tipeints. Results are expressed as mean

220  (X)xStandard Deviation (SD). In the same row: la fame row:#b#ab#b+bctc.

12



221 Fig. 1. Sagittal image of the left kidney (7-dagdily foal). Cr = cranial; V = ventral. Scale (¢ron
222 the right side and a grey scale bar located ohefhside of the image. For details of probe

223 placement see text. D1: Renal Lenght; D2: Rengttei
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Highlights
1) We evaluated ultrasonographic renal measures in 9 Italian trotter healthy foals aged 1-6
weeks and correlated them to some biometric measures.
2) We found a continuous growth starting from 14-21 days of life for both kidneys and a
difference between the length of left and right kidney starting from 1 month of age.
3) Correlations have been found between time vs al the parameters measured and each

biometrical measures vs kidney length and height.
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