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Abstract

Introduction: In dogs, mitral valve degeneration (MVD) is the most common cause of
acquired heart disease. MVD is common in small dogs, and its incidence is high in certain
dog breeds. However, the genetic mechanisms underlying the development of MVD have not
been elucidated, and no curative treatment has been performed. Treatment of MVD is usually
medical, but in severe cases, secondary to congestive heart failure, surgery may be performed.
The prognosis of MVD is limited in patients with congestive heart failure. In recent years,
surgical treatment for MVD has been performed in dogs, and the prognosis has improved.
However, to date, information on the risk factors and complications of surgical treatment of
MVD is limited, and the impact on surgical outcomes is unknown.

The purpose of this study was to investigate the risk factors for complications and the effects
of complications on surgical outcomes in order to improve the clinical outcomes of surgical
treatment of MVD in dogs. Regarding the genetic aspect, we focused on Chihuahuas because
they have a large population in Japan and account for a large proportion of dogs undergoing
surgical treatment. Furthermore, we investigated possible genes responsible for MVD in

Chihuahuas.

Chapter 1 Risk factors for ventricular fibrillation following aortic cross-clamping release
during mitral valve repair in dogs

Background: Although hearts with ventricular fibrillation have electrical ventricular
excitement, the pumping function is lost. If treatment is not immediately successful, fatal

arrhythmia may develop. In this study, we investigated the risk factors for ventricular



fibrillation after releasing aortic cross-clamping, a fatal complication during surgery, with the
aim of improving surgical outcomes.

Methods: A total of 237 dogs that underwent mitral valve repair from November 2015 to
September 2017 were recruited. Crystalloid cardioplegia (CCP) or blood-CCP (BCP)
obtained by mixing CCP with autologous blood at a ratio of 1:1 was used. The age, body
weight, left atrial-to-aortic diameter ratio (LA/Ao0), standardized left ventricular end-diastolic
diameter (LVIDDN), aortic cross-clamping time, cardioplegia type, and cardioplegia dose as
predictors of ventricular fibrillation were recorded. In addition, the effects of different
myocardial protective solutions were evaluated by comparing the amount of transfusion used
during surgery, survival rate 1 month after surgery, and effect of reducing the heart size.
Results: In the group of patients with ventricular fibrillation, body weight, LA/Ao, LVIDDN,
and aortic block time significantly increased, and LVIDDN was closely related to the
occurrence of ventricular fibrillation. When BCP was used as the cardioplegic solution, the
incidence of ventricular fibrillation significantly reduced compared to when CCP was used.
The incidence of intraoperative blood transfusion was significantly lower in the BCP group.
One month postoperatively, the survival rate or reduction in the heart size did not differ
between cardioplegia types.

Conclusion: High body weight, LA/Ao, LVIDDN, and aortic block time are risk factors for
ventricular fibrillation after releasing aortic cross-clamping. For cardioplegia, BCP was
confirmed to be as safe as CCP. Furthermore, the use of BCP reduced the incidence of

ventricular fibrillation and intraoperative blood transfusion.
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Chapter 2 Unilateral diaphragmatic paralysis following mitral valve repair in dogs

Background: The phrenic nerve innervates the diaphragm, the main respiratory muscle.
Damage to the phrenic nerve causes unilateral diaphragmatic paralysis (UDP), resulting in
diaphragmatic dysfunction. In this study, we evaluated the incidence and recovery time of
UDP, which is a postoperative complication, as well as the effect on survival outcomes
following intraoperative complications.

Methods: The subjects were 284 dogs who underwent mitral valve repair from August 2014
to March 2017. In an inspiratory dorsoventral image obtained with chest X-ray the day after
operation, if the left diaphragm was raised more than one intercostal level from the right
diaphragm, the patient was diagnosed with UDP. The recovery time was evaluated at the time
of discharge from the hospital 1 month postoperatively and at the 3-month follow-up.
Results: In this study, the incidence of UDP was 30.3%. Almost all cases of UDP had
improved 3 months postoperatively. The presence/absence of UDP was not significantly
associated with postoperative death. However, the incidence of UDP was significantly higher
among patients who died of respiratory failure than among patients who died of other causes.
Furthermore, many patients who died of respiratory failure had respiratory disease before
surgery.

Conclusion: Although the incidence of UDP is high after mitral valve repair, there is early
improvement. The involvement of UDP in the surgical results is unlikely to be a direct cause
of death, but combined with other respiratory diseases, patients are at high risk of death due

to postoperative respiratory failure.
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Chapter 3 Search for candidate genes for mitral regurgitation in Chihuahua

Background: Mitral regurgitation (MR) is common in the dog breed Chihuahua. Furthermore,
in the studies reported in chapters 1 and 2, most patients who underwent surgical treatment
for MVD were Chihuahuas. Therefore, the aim of this study was to perform a survey of
candidate genes for MR in Chihuahuas.

Methods: In this study, we recruited Chihuahuas aged 7 years or older. Participants without
MR or with minimal MR were considered healthy. The MR group comprised patients with
severe MR and cardiac expansion after developing American College of Veterinary Internal
Medicine stage B2. DNA was extracted from peripheral blood of each individual, and
nucleotide sequences of the healthy and MR groups were compared to search for a candidate
gene for the cause. Polymorphisms were investigated in the serotonin transporter (SERT)
gene, which is associated with MR in Maltese dogs, and the xeroderma pigmentosum
complementation group C (XPC) and DCHS1 genes, which are associated with mitral valve
prolapse in humans, were compared.

Results: Regarding SERT, the nucleotide sequences of the healthy and MR groups were the
same in all exon 13 regions examined, and no apparent gene polymorphism was observed.
In XPC, an adenine-guanine polymorphism was observed at the 902" amino acid, but the
polymorphism ratio was not significantly different between the healthy and MR groups. The
amino acids translated by the adenine-guanine polymorphism were the same. In DCHSI1, two
gene polymorphisms were found in exon 19 equivalents, and one gene polymorphism was
found in exon 21 equivalents. One of the observed polymorphisms was a missense mutation

that caused an amino acid change, but there were no differences in the percentage of
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polymorphisms between the healthy and MR groups.

Conclusion: Genetic polymorphisms of XPC and DCHS1 were observed in Chihuahuas, but
their associations with MR were considered to be low. In addition, in this study, no difference
in the nucleotide sequence of SERT was observed between the healthy and MR groups in

Chihuahuas, suggesting that the candidate gene may differ across dog breeds.

Summary: We demonstrated the risk factors for typical complications of MVD surgery and
effects of complications on surgical outcomes and identified candidate genes associated with
MR in Chihuahuas. High levels of LVIDDN were an excellent risk factor for ventricular
fibrillation following aortic cross-clamping release, a fatal arrhythmia. BCP, which mixes
autologous blood with myocardial protective fluid, was found to be an effective method to
reduce the incidence of ventricular fibrillation. The use of BCP was a new technique
suggested to improve surgical outcomes.

Although respiratory failure is known to be a major cause of postoperative death, this study
revealed that UDP combined with other respiratory diseases increases the risk of death from
respiratory failure. In addition, UDP occurred at a high rate, and reducing the occurrence of
phrenic palsy may have reduced the risk of postoperative respiratory failure. The cause of
UDP could not be established in this study. Future studies should be performed to clarify
which surgical manipulations cause UDP.

In addition, we searched for candidate genes for MR in Chihuahua. We examined
polymorphisms in SERT, XPC, and DCHS1. However, we found no polymorphisms that may

be involved in the development of MR.
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The results of this study could contribute to improving the surgical outcome of MVD in dogs
and reducing the incidence of complications. In the future, we will continue to search for

candidate genes for MR in Chihuahuas.
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25% CEMH UMM AL TR & Uiz, BRI —U0RER L, —iRIRIBDH

HNFRD BT TR L LT,
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)
>

(3) BARRE AR D2 W

R BRAR AR BRI D 2 BT IR X BRI K VAT o7z, FINE R DT X fRind
WSIRF MR © . ARG L v & 1 BIREILL B2 EsiB o b6, BibR
PRRRREL & 22 L7e (B 1), F 72 iaT O RS CHERRIE O & ST A4 22 58 D T i ]
TIE, Rl & el LAY 1 ML 28 B2 R 72556 . BilmAR s & 72
L7z, I COERITTHTAT, FAHTE A GREERE, Witk 1o B i 3 o H O

THaER X MR A A FEh L. A AR i AT O BRBR AR R O A7 M A SR L 7,

(4) Flrplomt

FABANTIBBE R 7142 3 » H ORF T OAMFRZ T L7z, SETTRIAIZ OV T,
WP RIS R 2 2 U RFREMAEN B V) | FRFEFRIE TUGED RO b TIELTE
UTZER & EFE UTe, ARERSR MUE | R R OISR B RD 2 22 AV TRl L. #R B ROER SR

SAFNEE DS 90% LA T CIRER S IUE & 2 L7,

(5)  HEHFRIRENT

2T DT — X [ Shapiro Wilk Fi € %2 W CIEMME 25 Uiz, #Sl kT — 21X
T —H DAL EHE + R £ 7Tl (R h— k) TR L, M
PR ARR R D G HE I DN T Il AR DO I~ v s R A v b =—D U BREZ HW
720 BEBRIMRFREOFME 2 AT — & L ORI OWTII I A 2 BIRE 7213

T A vy — ORI L, EREREIE, ABIR, LT HE ETRA

27



EDBEIZOWTIE 2 VAT v 7 AR T 21772 o T2, S ER F1E p<0.05

THEFFIAEBEEN DL LD E IR LT, & TOMEMNTIZ IBM SPSS Statistics

version24.0forMac (=R « E°— « = R « = AR ESHE, b=, 7 AU H) ZHN

=

TiT72 o 7=,
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3. MR

AR TRG Lo TIERNL 294 BHCTH o 7o, T OF TEMKE TR B Filr
DRIER X BRI A FEM F TIZHELT L7z 10 BHZBRVN 72 284 BHIZ DWW T 21T 72 o 72,
REORGIITFUVUNREEL (0=133), F¥NUT - FL T F¥—/L R« A=
)b (n=26), hA + F—F (0=21), RAT=T > (n=19), ¥—+ X— (n=13),
< ILF—RX (0=12), S=FaT X7 A7 K (n=11), ZOMHKFE (n=29) .
HMERE (n=20) V& EN7z, WTETORE, Fifn, Ml X s, DifEE R T —
Z . FiiH T — I3RS IR LT,

RERR AR FOELE 284 BHH 86 BHTR2WT L, JE/ERIL 303% Th o7z, FEFRAFREER
FIL TR TEMICRED & 7o, S BRI IR R e R BRI B FE T4 B (2-9 A) .
FEFBARRRPREIETRAEREIL3 B (2-18 H) ThH V., 2 M THERETRD bt h
o7z (p=0.166), ABHIFIZIHWNTE, MFRAARFEREHFITI6 0 4-14 H),
REPRARFR PRI ISR AR L 6 B (4-32 H) & 2 BEM CTH LR EITRD b Lo
7= (p=0.177), FIEHIEFII X OABTHIH O & S 13RO F 125
BIXN7eh o7z (OR: 1.07,Cl: 0.88 - 1.23 3 LTV OR: 0.95, Cl: 0.83 - 1.08),  EAR@E A
R IFRIEL O R AR JSC IS L VB RE R IR BERF I 1T 64 5H (22.5%) . itk 1 » AMZERIC
23 UA(8%). fif2 3 » AMEZRE Tl 1 BA(0.3%) Tdh o 7=,

TR E LT, BN A SRR E TIZ 21 BEANIEL Lz, 2 21 BHD 9 AR
Bt BRIEL 22 PR L CUWZIEBINIE 10 Bl T o 7o, BRRARRRE & BENSE T RICH]

5372 B ITER D B e hr o 72 (OR:2.20,CL:0.89—5.39), FETC L7- 21 BEHDOJFK
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IR R AN 9 BH, MARTEARSEDS 4 B, OAA, AR, FEk, BULEAZhZh
1 BHCH o7, 4 BHOIEGI TIEH LB TIRIIARH TH o7z, AR THET
L729BAD H H 8 B CRAMRAR BRI DML DR D Tz, FETRIA & FE A4
ML DFEL THyHE L7 B BR8P D e FRU TR AR 2B CES] CH B
W2 ERRD B (p=0.002) | BEFRARFRFREL XA & A B 72 B 2GRD b7
(OR: 10.5,CI: 1.36—81.0, p=0.024) , HEFFEAFFRIREL L 01, £ IR, ABTHIM &
DOBH#E TR 6 1T, ETMRAETHLE L2 98D H b, 7 BHILNHEASE P ZESE
ERE, EEOKERM., MK, 7742/ L T (£7),

1BEEtR 6 BHOIEGI TR LR biviz, FEEJRRNL 5 BHAEARIETH Y, 1 EHN
DARETH -T2, BEROFMRAFEICOWVT, itk 3 » A ORST 37 BEOE L3

DO, EFERIT874% (37/294) Thol-,
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ABFFRIZ I T, BERRIE OB LR FEME I 2 2 1T 72 R DK 30% TR bz,
R Tl DI ITR (S5 A3 2 BRI AR BB D A RIT 0.8~12% & W &
N TH Y (Amin et al., 2001, Bandla et al., 1999, de Leeuw et al., 1999, Mok et al., 1991,
van Onna et al., 1998), KIZF\ N THFE ORRAHRRE X R ERO B WA IHETH D
ZENM BN LR o T, EAEITIE. T ORERRARE O UM BRI O
R £ 721X BT IC B U 2 D RO = O O LEO BTG EHIIC L > THR SN
2 HEFRE AR DTG DIE R AR R R O SRR & & 2 53TV 5 (Lemmer et al., 2006), %
D HC b LD R T HNT AL 5 FRFR AR~ D FE IR AN SR IR A R JBRER oD = JiU A &
WL TUV D (Dimopoulou et al., 1998), LA L., AHFZECTIL, B Ll JR P
WAL U ORSAEBBEAKZHE A LIESNL S < DR Ch o7z, F iR
IR & A~V NRTHRAREN S < BIFBRINIZ X 2R BOBFH Tk, MgiEd
GIBA & 0 b AERR AR O FE AR EN T & VAT BTV D (Cheng etal., 2011), A<
R THRGR L 72 o T EFNT T X TEMM T 7 r—F I X o BlgEE IR LT, £7¢
KAFFEDTEBIOREITIE & A LD 5 kg K & /INEITH Y | BAITIE LIEGIO R E
E DFEVMIAMFIE TR IR BB O R AL R E A o T2 2 & DR & 72 5 ATREMEN
2 BT, AW CIIRERAR OISR N 5 FIN R A BET 5 2 L3 T
RinoTo, ROMIEFHEE NI IS T 2R 2 BT 5 FINFROMBLIIZE S
ROMENVLETHDHEBZZBND,

AMFTE T, BEFRARRE R 2 P U 72 EB O L B FA & 1 7 A LLINITAR
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BRARRRFREL D[R AR B LTz, & BICFTE 3 > H LN OIZIE T TOSRER] THE
B AR AR PR 0D [ AN RS S AU, N TIIAEIR AR R BRI D 77 1% D [RIE I L B 72 Rs R
5~12 % HTdH 5 Z &) 5H(Amin et al., 2001, Bandla et al., 1999, de Leeuw et al., 1999,
Mok et al., 1991, van Onna et al., 1998), K OENEFER T I FAE T D HEBR PR PRI
LR RN R T 5 Z E BB b o, 2O LB H NTBIT DR
R IBRIER D 5L [K] & ARAJF I8 TR AR U 7 BERR AR R PR D JFL RN 72 2 FIREME N B 2 B
72
REPRARRR PR DA VX, firse DA, Rriia I ABTHI & O EHERY 72 B
TRRO LR o T, L LR AT L2 9 BHOD 5 B 8 BH CRARE AR
DR B, PRI AR L BEE L TWD Z R LNE ol £72
I8 [RGB L 7= iEB D 2 < AMFTRITDN B O MR 2R B & DF58 L T e, FER
ETHELEIIEDRD I B AR T U T Tholzd, D A4FED H 6 3 HAIL, ffiF
AN D FXGEAZEZ A LT, ERGERAZEIZ A7V v a TV Ry 7 T
RANT VT 78 EOREART— RIS BLEL S LD D3 (Packer and Tivers, 2015,
Emmerson, 2014), 7V U0y — X —CB W T b _EAJECIHTESE DO FAZE DO FEIN & FF
DI ENHE ST D (Dupre and Heidenreich, 2016), Z 41 5 0 KL HH 25 7358 2 AR
FENCE L 720 | WHEEIC B 2 8GR 23 U 5854 A L TV 5 (Emmerson, 2014),
FRGEPAZEZ AT D R TIZERMER TR /3 £ O & BRI — Bk i385y =D B 5
D3R SV TH Y (Hoareau et al., 2012), AWFIEOF U U O—EIX, Al L Y&

D ERGEMZEIZ K> TRERE D AE T, RO B2 Z T T2/ Rettn 5 2 b,
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F - HEORE BB KIEZ A U7 IE B % O MR AR 2OFRK OO E D &7
Sl tBEZX BN, ULEDZ &0 n | FRRRARFRIFE X HM TIPS RE ~ D 8 X
INS WA, MO IR B R L A0FT D L TR ORI R I L BT Y 227 DY

(ZBHE T D Z L AVRR S T,
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5. /N

T R e AR R 1 XK D IR BT IR IC B W TR DO E WA BHE TH 5 Z & 3 H
BE7r otz BRI O TN~ DB L LT, BRI R T
itz DIETIRIK & 72 D ATREME IR, O MERERR IR & A 0F LI Ga . MR A

WCKDIEEY A7 Z2mb D T RSN,

34



i
il

F T VBT B ENE I B AR EIE O 5 R B AnF DIRER
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i

i

RIZH T 2 (GRS PSR 2E O FE AR ITAF i & SARICBE L T D 2 e
NTW5b, HRRFEE L THETFONDIDOIEF Y N T « 7 Fr— LR+ A=
TNV FY I AT R I=F a7« MT =KL ETHLN, RFROH 1 &,
B2 WIZHR W T, [HIEAEEIN A Z T e RO TR bIEEOZ o7 b DIEF U
TTHY K2 LD T, FUTVIZERIZBITDANIRKEOOEDTH L0,
MDONKRETH DT — KR v 7 A7 R ERATHEERMEENZ %107
FEIIZ <, FU Y BEEFAEADEOHERETH D L F 2D, TILE THA
7R RFE &AL IR PR AN RIE O BARHI 72 B I DWW TIRAE M THOIL TE 228, B 6
RIRREE T ORFEICIZE > TRV, EMEICT U U L HEIEFRAEARIE DK
WA A Lotz <. U UL HEIE R HEASIEOBEH 22 IR
ThH D,

tw b= T AR —F— (SERT) A= F1IMk < 20 DL E TES & OB s
ShTWndtr b =rOEREFME A 9 SERT OGHIZEEG L TWD BRI+ TH D
(Levy etal.,2008), SERT #{x 7 DB EITERARTER & & L 72 BiEpPASI R 2IE DR
TEHLTWSZ &(Cremer et al., 2015), 2 h=2DEGICIVFERIND IO
MR 2 L L BB R HEARRIEDO ROFOEENEL LTS Z b
(Darmon et al., 2015, van den Berg et al., 2005), K O{EIEFRFASH N SAEIZ SERT Bis 1
MBI L TN D EEZ LN TWD, E-EIEF AR RIED R TITMIET ., f/ Mg,

e, Aol Thb e b=V BEN EFLTWSZERMEINT

36



WA Z L5t (Arndt et al., 2009, Cremer et al., 2014), KiZF\ CENE R BHEE AR 2IE
DOFFfEIZE R F=DESBEHD S TWA Z ERARB SN TN

XPC &fa 1%, L & 7R b — RADRT o R B MR D AR E A R
L T\ %iEfs 7T % (Sugasawa et al., 1998, Legerski and Peterson, 1992, Li et al., 1996),
XPC G FITAMEE E 7R b= AD AR T U A ZHEFFT 5 L CHEREE M
VN (Wang et al., 2004), XPC i&{5 2L, p53 720X pS3 ITIKIF LW T AR h—3
AR DIEYE(L 2 LT, DNA A2 RET 5 Z & 23 51TV 5 (Adimoolam and
Ford, 2002), AIZBWT, DEICHT D TR b—3 AR OREMIT KEIIR AR RS
MR TR & OB IR B ORIEICBMRT 2 Z RN L o> TEY | XPC
IR T ZRUIEIERRBIED Y A 7 Z M EE 25 Z & 03l STV 5 (Yigin et al,
2015),

DCHS!1 E{nFIE A OEIRFRBUEEE 2 B2 REROMAEIC L 0 F R S,
HAGME O IEIEENE O IR HPUE DO FIE IS L T D EE X BN TV D EET

& % (Durst et al., 2015),

RETIEFT T U OMIBFAEADIEDOBBEH T REPALNITLHIEEHDN
(2. RIZBW TR PN EIE & OBE 3 FE80 5 T2 SERT s+, AIZE
W TCEIE R BUE & O B3 ST XPC {5 -, DCHS1 #5122\ T

et & AT2 o 1,
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2. MBS ik
(1) x5
1A LDTF U Y ZARBFEOR SR L U RE & AGE 7 PASHAS 2E M B T SERT
Bis+. XPC #EixF. DCHS! Bz FOBIZZHOFE, Bin 2 RORAMEIC
DWTHEREA TR o T, fRFRHIIEE CUDHES 2RO D, XA R
% BCRR & D D HEE AR S VTS AN DMEE OTREE L grade 1 LR, DR & I AR
B THEIEFRYRITE O NLD, WREIII<KBE Th o T EIRZ EF S LT,
&8 77 PAEH AN AE M FE I, EE ORI R 2538 0 H v, DIER % & L2 ACVIM
stage B2 LAREDJEBI 2 xR & Uiz, MRIRIZZNZ IO & 15372 R ik % 156 ]
L7z, 8ifElX 0.5 ml TH Y, MIKITERINE T LT EDTA-2Na £ ILE IZHEA

L. 220C CHhBitrE #1177,

(2) DNA fiiH
Pure gene® Blood Core Kit A (QIAGEN)Z IV, isff D~ = = 7 /LIiZHE - THRM
MR A & DNA Ot 217 - 72, —fIBEIC OV TTMEER~ =27 10
300uL LA 72 o 7e7zh, £l & T 722/ (100uL~300ul) % v 72, DNA @

BOEIRIBEZ I IR A 2884 7K 100uL 2 V7=,
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€)

(4)

A L 7o BRIk

SERT AR 1Z- DT HEIREEAI D FERG I L & o 7 7 DB RRIC B 512K & <
Bz s ) DN TE Lz, XPC #fs 12OV CTIE A CEhE kit
SEE OBIHEPAHEINTND 939 FHOT X /BOBEMLETEZAICER L, KiC

BWTREEMIZET 16 FHOZ XY AT OWTHIERS O il 21778 > 7=,
DCHS1 BIn FIZHOWTHIERRIZ, ATEETFZRP/RESNTHD 19, 21 &
HoxZ Y o OMYEME G L) 7 I74 ~—%akit L, EEAIIOFE LT

7,

PCR G DNy — 7 = A2 K B RECS Ok 8

HHLET T4 ~—BSETNENOT =—1U v 7R « MERGHR L%
8 |Z5C#k L7=. PCR )ixlE Ex Taq® Hot Start Version (TAKARA BIO) % F\ >, ¥sft
D~ == T VHE > THIAEVEME R 95°C 3 0fT - =%, BVEMEZE 95°C 30 7
W, I3 ICHE LT IA~—TL07 ==V 7IRE T30 R, HEMS
RCTEIVICERH LT 74 ~—ZLOMERMOE >~ & 35 4 7 4T

RO & UTRR R 72°C 3 o4 TiTo 72,

PCR %) 5uL & 10x Loading Buffer (TAKARA BIO) 1uL #{R& L7-H D%,
1.5%7 T a—2A7 Vv EHWTERIKEI L, =F v LA7a~vA RTERAL, UV
TA MZX Y AP b LT HROEIEED 35 5TV D a2 s LTz,

HEWE FEW) DO MR8t . PCR FE¥) % exonuclease 1 ( Wako) & shrimp alkaline
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phosphatase (TAKARA BIO) % HVWTHEHL L7z, Big Dye ® Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher Scientific)ilZ &> TH A 7 Lo —27 =2 2% v,

Big Dye® X Terminator™ Purification Kit (Thermo Fisher Scientific) % i\ ChgH
L. ABIPRISM 3130 Genetic Analyzer (Thermo Fisher Scientific)(Z & - THISI & &

E LT,

(5) WEEHFERIENT

fEH B & (IR TR PASH AR AE B OB T 2R OB A B E DO, BT Y v Dh
A 2FIRE & AT MERE R p<0.05 THEHFMAEENR S DL D L Al LTz,
FEFHIEAT X IBM SPSS Statistics version 24.0 forMac (T A « E'— « =& « TAAS

e, I, TAUE) EHWTIT o7,
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3. MR
LRI OBFHI W TR IR T REDS 17 85, (B PN DIEREHIL 183 TH
> 77, {EVEFR PSR 2 R O EE E ONFRIE ACVIM stage B2 7% 6 88, stage C
7 8. stageD 28 5 T o o 7z, fE1E IR PABIAS RE R BAE O h CIEIE FMETE IR & 5

i U7 SERIZ 17 BETH o 72,

(1) SERT #&f& 1

SERT An+ D=7 Y LRI D 4 13 SRR O ALY O Fik 21T/ o 7o, BEHHE L
e 7 PASH A E B AFIZ 3\ C SERT B n D= 7 V) L EI O M FERL A D 722 B 1%
WO BRI o T, F2G B T HEALY I National Center for Biotechnology
Information (28 Fk STV D RD XPC BAnT- D RIEML & HEEAANL—H DT80 5

iz,

(2) XPC &1

939 HHDT X AR DI RES IR, ISR SERBRE L b
2R — D ERYITH Y | B2 RIERD ben o7z, RN LRERIND
TIMITV T THY . ZHFIAICKIT D XPC BT 939 HFHDOT I /R LA
CThoT,

FLRTFY CNO IR FBOT X/ BEl T HEERIICBNWTT T =07

T = DBIG T ERINRO b v, Bin 2RO BEEITEERE (AA=7. GA=1,
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GG=3). {HigAHSE R IERERE (AA=7. GA=8, GG=3) THL MR
SN otz (p=0981), F7oT T =0T T = ~EENE U TZ5E THER
ENDT R BOEAITAE T2 A L NERTH -7, XCP EIs 23 HIE
FRBUE & OB L T\ Z &6 BRI AN SIERERICH VT, MiERE

AT N7 8, A= MWL DA T 1 0 & B ICBEA T 24TV Bl LTz, BESRIT

=

0 LEES ), MRS VBT 13 Th o7z, 20 2 BERICB T 5820
D BN BN T IERWTZL e LEE (AA=0. GA=4, GG=1) & IERKZLH D (AA

=7. GA=4, GG=2) THILNZREITRD 2> 72 (p=0.090),

(6) DCHSI &fn+

DCHS1 #fnfDO@Is+2AIIo 7 V> 19 81 2 &, =27 V2 21 fElkiC 1
BT BiLiz, =7 V2 19 I OW T, Bz F2HE 195 FH & 268 FH D
TR BRERERT D HERLS TR B, 195 FHITY A L FER, 268 FHIX
HRENDT I VBOBNEE DI AR ALERTHoT-, 268 FHDI A
ABEANECTEHE. T /BT b7 2=V T T =20 ~OBERRBD B
72o 195 F B OB FLZROTNGIIMEFTET CC=10, CT=4, TT=0. {GiE5PA#
REJERBRETCC=10, CT=3, TT=1ThH-7= (p=0.565), 268 % H D&l ¥
ZRIOEISIIEFRET CC =10, CT=2, TT=2, fEiEHHEREIERBRET CC =
13, CT=1, TT=0 Th o7z (p=0256), 195 FHIB LV 268 FH OB LD

FIE OZACITHEFRE & fE0E P S SIERER THE R AT bR o7z, =
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72 21 FHEERAIZ DWW T, B2 191 FEHOHEETRED L, A 1L
ABERTH oI, BIETEROEEIIEFHETCC=1, CT=0, TT=13, {E557H
HADIERBRETCC=1, CT=1, TT=13 TH Y. 191 HH OB FLHROEE D

AT R & BRI PN SIE RN CHERZITRE O b o7z (p=0.595),
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4. EE

v b= F7 AR —%— (SERT) Ot AR ITMFEe h=EED LFIC
5L, AR~ U RBWTODIRFFIEIEDFEAICEET 2 Z L ARB ST D
(Gustafsson et al., 2005, Levy et al., 2008), % 7=~ /L F— X2\ TiE SERT #fs 1D
T V3,04, 5, 7, QB TERBRTFENHE SN THED (Lee etal., 2018),
R S PASHAN E DO B VR STV S, ABFFETIE SERT B F-DOET 7 YV U 1H
BWIZOWTHREZIT /e 57283, 7 TIZEBW T SERT BB -2 AT iz o
oo ZOZ LG, FUU LT — X & CEERAE ARSI 5T 5 BB
FLR N 72 5 [ REMEDS S 2 HivTz,

XPC #&fs¥. DCHSI Bin FIE A THEMEFFRBUE &L ORENHE STV D, K
WFETIE, A THE STV 2B 2RI 2 3 5 5012 DV TR ARSI D
A Z{T72 > 72, XPC #fx 1. DCHSI 5T & bIZTF U U THElET-ZAN
ey, EIEFPABEA S & OEIIEED b Rnole, ZOERKE LT, ALK
TR T O R IEARNEZE AL DI B AG 78 B 72 5 555> (Markby et al., 2017), KD
e 7 PASHA 2E X FFEME IS TR OB Z 2B Th 5 DITH L(Fox, 2012), A

TIH OB BT R U7 kA7 EIE TR O BPENRIA & 72 > CTREME 5 FSH A 2E
DFIET D Z & 232\ \(Enriquez-Sarano etal., 2009), Z D X 9 729K DI AEDIEA
A & R TR PR RE DB ZRBEAEDEIZ DR > TV D ATREMENRE 2 b

iz,
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ARITS DITIEGIEZ I L TR ZIT O & biS, TUY MO RM TOHKZ

TV, F U TIZEBIT 2 MEEFASEASIEOBN 2T RO LT W EE R D,
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5. /NE
AWFFETITF U UICEIT 5 SERT #Eis+. XPC #E{s+. DCHSI &Iz DEIsF
LN DV TENE TR PR 2IE & OB EIZ DWW THE L7z, TV VIZEB\W\T XPC
Bis+. DCHS1 B OB LM HRINT, BInFZ2RIIE5HT 4 HPHR
DO, FDIH 1 DET IV BOEEMED bDOTh o723, [EFERE. HIEREH
AR BAE R CIRAR T 2O R AE DB DITRB D LAVIRD > T, RS
TIZBWTEME PSR 2)E & SERT Bis 7. XPC s 1. DCHS1 #&ixf & D

EQ@T% mu&b %ﬂtﬁﬁ)/) 710
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ROEMEFR PSR RIE IR DGR ITNEHER DS — K Th 223, I TIISE
BRPITOND L7 | PROERESCRIFERZWSTZ LA AREL o7z, L
L. RiZBT 2 EME T PSR RIE OANEHEFRIC BT 2 1F I 722 < S OHEDIAE
BHEEC, FINAUEIC 5 2 DB THh 5, ARIFFRILEIE AR IR T 5
ARFHORKRNREOHED V 2 7 R+, BOHENR G 2 D FITRHEE~ DB SO0
THIGMNZ L, FU TR 2EERAEANRIEIC G35 R KB ES 2 55 E
TLHLZEAHEME L,

51 BTN OBIER e RFEARTH 0 | 1714 O LAERE DR T IZBEE 3 2 KBhfk
BEWTRREBR I (C R A 2 D EMIBYNC DV T IREREE L/ D SRR AR IR O i fE 2
NIV ATRF LD 26N LT, £O0EMBIOREREZRAD L
EL LT DIRERIC A QIR ARG T 2 IR NVT 4 A7 Lo 7 of itk aw
L, MRANT 4 7 VO TIEFMAE 2 [ LS D2 T & 2D 2 &R
STz,

I AR 2% O ERFETCFKROOE D TH D, #2 BT, iRICHET D45
BRARRR BRI XM O PR g L AOFT 2 2 & THERARIZ LD LY A7 NEE
52 LB E Uiz, MR B R OMIEFEEN IV TRAEBE D
BWEOHE CTod 5 Z & AVR S 4L, BRI O3 A A0 5 - 2 L 13t O RE AR
EDOV AT E T2 LIoRNbEE2 N, SEIOHFIETIL, HERRARR
DRREZPALNCT DI LT TERhole, EHRDHFAEL LT, ED XS T

BRED R OJRIK L 2R 50 BT H 2 EMBETH L LE 2 BT,
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IHIZ, FIEL LTF U VITKIT L MEIEF AN AE ORI E R T DHRR
4T o7, ABFFETIE SERT @{nF. XPC i#&{5f. DCHSI E{&F D%
DWTHRET L7223, IR PSR SIEDRIEIC DD LB LN D BInTFE M %
MR+ D2 LT TERNoT,

ABFFEORFRIL, ROMEIEF AR RIEDIEHER O FI g O m . GOHED
EERDIETICEMT 2L BALND, S%IIS BIZTF VY OMEIEFABEN LD

JRRMGAREAR T DERR 2 D 5

K X DO—HEBIL, LLFICAR L

Mamada, K., Chen, A., Takamura, K., Murakami, M., Uechi, M: Unilateral diaphragmatic
paralysis associated with surgical mitral valve repair in dogs. Journal of Veterinary

Cardiology, 2020; 29: 33-39.
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A

Fa KA DIHIZ0 | KIGBER D ZHREZH Y F UM KPR E S 407
WHIEE A EEBdR, BARLE S SoMiEEmI kSt EHOEFERICEEE R
LEARLET, STLEEDEBSE I OEKEAZG Y F L [REKE AT EH
WHITEE PR, 5 K ONRERE NV ANRL AT R s | R
F]LET,

KD DIZHT0 THRENWZEEE LAY 74 V=T KET — B AR
Mark D Kittleson JeAEIZERHTEL L 77,

KIFFEEATH ETTHAB L OEBIS W72 & £ LERERE S AW B e s
HH KRR, ARSI L E T,

H %, TR EIEBIO R, AR D ZWH &1 L E e b o T [RIEE Sy
THEMZFTRE DR B OERICEIN - L ET,

fE ARFBEAE L UTRIFIEAIT O ICHT ) . 2R T /1% THV /= JASMINE
£ SOEEREGRE L — RZ v T OERICE#H N LET,

BT, RO - DIZE N &2 T TS N8B HIo O BT 5 & & b

IZEREZTY £,
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Gene Exon 5’ - primer 3’ - primer T=—U TRECC) HERRGED)
SERT 1 TGCGTAACTCTGTTCTCC AGACATGATCACTGCTCTGG 60 30
SERT 2 GTGAGGTCATTCAACACAGG CTGATTCCAGAAGAAGGTCC 60 30
SERT 3 TTACCACATTGCCACCTGCC AGAGTGGGGTCCAGGAAGAA 62 45
SERT 4 AAGGAGATGCCTGAAAGTCCG TCACACAATGGTTCTTGGGATTG 62 30
SERT 5-6 GGGCCATGATCAGTGCGTTA CAAATGGAATTGGCCTGGGG 62 60
SERT 7 CCAACCAGTCTGAGAGGCAG GGACTCATTGCCAGACCCAA 62 30
SERT 8 TCATTGTTGGTGTGGCTGAG TCAAGAGCACCACAGTGAGG 60 30
SERT 9 CTACTCATGACCAGCAAC CCAGATACTCTGTCAAGC 55 30
SERT 10 AGTGCTCCATAGGACAGG TTGTGGTAGAGCGTGAAG 60 30
SERT 11 CGTCTCAACTTCAGAGCAG GATGTGACACATGCAGCAG 60 30
SERT 12 GCCCTGAAGGGGTTGCTTTA TGCCACTGCATCTAAGGCTC 62 45
SERT 13 AATTGGGAATTCCTTTCATGAGG AGGCCATATTTGCCTGTGGA 62 60
XPC 16 ATAAACATCTTTGCATTTGGCAGC CTTCTGTGCTTTCTTAGAGGAGAT 60 30
DCHSI1 19 TGATAATCGTCCCACCATCC AGGTGGTAGGAAATGTGACC 60 60
DCHSI1 21 TCAGACTTCCAAGGCCATTT CTAAGGGTGAAACGCACAAG 60 60
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