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Absrract

The aim of ihis study was 1o sdentily ulirasound accessible blood vessels m the koggerhead sea turile [ Caretsa carefta) and desenbe
their Dhoppler wavelorny pattenss, peak systolie velocity, menn veloeity, systolie/dissiolio muio ss well os pulspility ond resistive indices.
Bemode, colour and pulsed-wave Doppler examinations wiene oo [0 turtles, Flow acasurements wene necosded For the left and
right aorta, epigasric and internal ilias arteries, and right hepatic vein, Additionally, the large blood vessels of three dend turiks were
mypeted with Iates and dissected for anatomical suppart. A pambalic ow veloany profile was observed m all anesnies. The waveformns of
thee right and ket nartic artenes showed an unusual pattern when compared with mammalks. The hepatio vein flow velocity waveform of
the loggerhead sen tartke was Found 10 be dmilar 1o that in the dog although the Dow velocity in the C-wnve was higher than tha in the
Acvmve, The low resistonce Bow paltern observed supgests that the loggethead sea turile’s srgans require a conlinnous blood supply.

& M7 Publishee by Flsevier Lo,

Kaywordr Logperhead sea turtle; Blood flow; Dappler wave patberms; Ditmsonography; Repiiles

Tatrmbiction

The loggerhend sen tartle (Caretie coreria) i3 an endan-
pened species often admitted 1o marine rescee centnes in the
Mediterranean region. As is the s with other species of
chelomans, health asessmenl poscs o formslable challenge
fiar reptilian veterinarians die to the animals” specific mor-
phology and phyvsiclogy (Murray, 2006a), and ancillary
methods are usually requdred 1o obiain an accurate diagno-
sin Torthes in o state of shock or with no external resction
te mechanical timuli are frequently admitted to sehabilitz-
tion centres (Balazs, 1986, Stabenau ¢t al, 2001). Logger-
head sea turtles captured in fishing nets usually display,
om first appmaisal, signs of drowning andfor shook (Balas,
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1930, Stabenan et al., 20017, and i i Gregoently dificalt o
distinguish between o live snd a recemtly deveased 1urtle,
Doppler  ultepsonography  represents a0 nom-invasive
technigue that i wseful for the routine examination of
blood Qow in the vesels of many domestic specics {Seat-
min el al, 2000; Ferndinder del Palacio e al., N603), Tt is
an inexpensive technigue sumtable for repeated measure-
mens and with a wide Geld of applications, In sea turtles,
previows ulirasound sudies have focused the reproductive
physiology (Raostal et al, 1990) and the normal ultrasono-
graphic B-mexde appearance of cervical siructures and coe-
lomic organs (Malemie et al, in press). Information
concerning the use of Doppler ultrasound in sea tortles
has ool however been found i the hterature. Accurate
measurements of blood low arc essential in hremodynamic
studies and could be uzelul in establishing a diagnesis in
injured sen turtles, help in resuscitation procedures (Stabe-
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w el al, A1) and o monilor anaesthelized patienis
Turray, 2006b).

Reptiles have a complex cardiovascular sysiem, guite
flerent from that of mammals. They have many venous
vuses, venbreles incompletely subdivided into two cham-
s, anrdic arlerses and a renal pordal system (Wyneken,
01; Murray, 2006a; Holz, 2006}, Data on cardiovascular
waiology in chelonians are widely scattered in the litera-
re and are characterized by significant gaps. To the
thors" knowledge, o deseription of haemodynamic mens-
remenis for chmeal application in sea furtles hos not
en prablished,

The purpose of this study was to identify blood vessels
gily accessed by ultrasound in this species and describe
gir Doppler waveform patterns, peak systolic velocity,
ean velocity, systolicfdiastolic ratio and pulsatility (PT)
id resistive {RI) indices. Gross anatomical information
i the crculatory svstem (including the portal renal svs-
m}) iz provided o support the wentification of the vesels
amined.

aterfals and methods

B-Mesde, coloar amsd pulsed-wave Doppler axaminalons ware per-
med in 10 logperbeud sea turtles (four juveniles amd s subosdalls),
ng an Acuwson wlimsound machime (Computed Semography Siemens
BP0, in conjunction with 50, 00 and 7.0 MHz seclon phased amay
mbducers, The tunibes dvowdd o minimum Araight carapace length of
0 555 cm, o weight ringe of 3.5 26.8 kg, and were sccidentally caught
pelagic long-ling seis and fishing nets along the MNorth-western Medi-
ranean coasi (407517 42°26°N and F32" ¥ 10°E) of Spam.

Dunmg the study e turtles were temaporarily housed in the rebabili-
ioe facilities of the Rescue Centre for Marine Animals (CRAM}, Fre-
 de Mar, Barcelona, Spain. Only turiles in good conditson, based on
yiscal, mdiographic and Baamaiologionl parameters, were used m ihis
iy

The nminials weie masunlly rearninad s vemial ranmlsncy wilbiou
latiem, The Doppler evaluntion was perfomead in & sandand Lempors-
eepoitrellbad pod at e embiest temperature of 21 25°C, Ulraspand
& perfommed in 10 acoustic windows {cervicaladoral and cervical-vens
I, Iedt and eoghl ceracobrachial, ldi and oght suallary, ldb and nghi
demnomad asd lefl and pghi posifemoral) (Valente e al. i presh
wpling pel (Polans L, Gk Medicl Systemas) was placed an the sedace
the tramducer, which wis oricnbed mainly on the boriconiol plane. B
sile imnaping was wesd ie exumine (ke heant (ween in the cervical-veniral
mntse window) umd bape vessch uml (o guide the Doppler carsor
camsend i (L The same isvestignior performead all Dappler wlirssound
s .

Fallowing ihe onsmaton of ths glacinons: allipas, Dopplar iracings
re pecordad whin an angle of 437 or b betweon the wiimsound bewm
1 the derection of blood flow wos ochieval Freess tmeee omd eloctronse
mors wire uwsad o make the messuremanin. The flow pammsizrs
isive inden | KO amd pubsatiily mdex {PL from oach waveform speos
o wire mesksuned and cabulated wing the intemal oallipes snd he
Myl softwage of ihe ultmeound unil following ihe  foomolae:
=% = S BL= 0 - DA and S0 ratio figsolic'disiolic), where
& the systolic peak (mas velocity), B b the misinnem dinstolic velociiy
1 A b thee temporal mean velociiy over one canding cycle (mean veloc:
I Selvanatic drawings indicating (e scoustic windoes and (e veusls
ihested nas sl in Fig. 1 Thees desd tariles wore ingsoiod with latex
wiigh ibe pugular vais, lat snd right sesile srieries and Gemoral vein
e Inrge hesrt Is amil renal Inture were di d Fowr ssdiliional
aphological daia Specasic snaiomieal lamisology for e turils was
oplad {Wynckm, 2001),

A

Fip. 1. Schemtic drowings of the lrpe vesseh: inothe surdise, hepatiz nnd
renal nrems {some seen in ihe uimsound exsnminadion) of loggerhead sen
mirtles. Aneriss are representsd in black and veing im white. (A) dorsal
view of the aren of the heart and (B laseral view of ibe renal area: 1, el
acriac 2, right aoria; 3, sbdominal aorta; 4, candal vema cnac 5, righi
hepatic vein, b, gallbladder; &, venous sinus al junclion belween papular
am brachial veins; 7, remal vem; &, eplgasinic anery; ¥, misrmal lliac anlery;
10, aliae veim; 11, bypopasins van (sedal porial renal veink 12, epipasin:
wein (lnieral porisl rennl veink 13, feeur. &, Kidoey; T, ke convieobrachial
nzmeii: window; [5, serviesl-venienl seouaiie windaw; (08, righi corvien-
bruchial acountic window, [V, tight asillary scomtic window, V, lcf
prefempmi noowais wisdews VI, lefh prafemsaml seemaeiz wind

The datn were unalyzsd sbulsiscully with STATISTICA [or Windows
Seat Saofi. Iec) sofiware The data were besdad for pornsality wiih ks
anupu- Wk desi, Pxired 1 ievis were weed io B TTLE AT L
im poined vessels (ke and right side] and differences wers considered 1o be
sigmifienni m < 0,05,

Results

The mean heart rate was 29.1 beat/min (range 23-36).
The highest rates {30-36 bear/min) were found in the juve-
nile trtles wherens vahnss ranged betwesn 73 and 37 beat/
min in the sub-adulis. Two subsadult turtles with heart
rates of 30 and 32 beat/min, respectively, were above the
mean vahue for this group. In the juvenile rtles, the heart
was entirely seen using a dorsal scan through the ventral
cervical acoustic windows, An echocardiographic appear-
ance of hyperkinetic veatricular motion with an exagper-
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ated ventrcular wall moventent was observed. The left and
right aortic ameries, epigastric and internal iliac arteries.
and right hepatic vein were identified via ulirasonsgraphy
bt the iliac veing could not be visualised. The 7.0 MHz
transducer was better for visualising the renal area and
the postiemoral acoustic window, To asscss the heart, wor-
tic arteries and the right hepatic veitn the 3.0 and 4.0 MHz
transducers were used.

The left and right aortic arterses could be seen through
the left and right cervieabrachial seatishic wandows, resped-
tvely, From (hess windows, a comples imape crosang
many veswels was frequently observed at the cardiac base.
Identification of the aortic arteries was based on their posi-
tion, shape {a pronounced arch), large diameter {08
14.8 mm) and cowdal blood Qow direction (Fig. 2A and
). The vessel walls appeared as parallel, hyperechox, thin
lmes. A crosg-section of the left and mght aortic arches was
ales scen when the cervical-dorsal window was examined
They were medual to the venous smud Tormed by the junc-
vion of the external and intermal jugular veins and the axil-
lury vein om each side (Fig. 2B). However, in this acoustic
window, the angle betwesn the ultrasound beam and the
vessels was in most cases almost perpendicular, generating
unzuitahle images far blond flow meazurements. The vizu-
alization of the aomic arteries through the ventral cervical
acoustic window was inconsstent.

The wavelorms af the right amd left aarie aricries were
similar. A parabolic Bow profile withoul a spectral window
was ohserved in eight turthes (Fig. 3A) and a discrete (mild)

speciral wandow was present only m fwo turtles Valoes of

flow memsirements ared mdsces arg showed in Table 1, Na
statistical differences were foumd between the flow parames-
ters from the left and oght aortic arteries. Compared with
other arteries measured m this study, the aortic arteries
showed the highest pulsatility and resistive indices.

Ihe right hepatic vein and its junction with the candal
vena cava were clearly seen through the right axillary
acoustic window, its echogenic wall enabling clear identifi-
eniion in the hepatic parenchyma, Close by, and positioned
medially, the venous sinus of the rght atroum was seen, ancd
used a5 a landmark. Flow coming toward the transducer
{abowve the baszelineg) and a tmphasic pattern in the blood
flow velocity profile was observed with A and C waves
being identificd. The C wave was higher than the A-wave
(Fig. 3B).

Posiioning the probe parllel to the cormpace af the
prefemoral acoustic windows enabled us to asséss the feft
and rght epigastric artenies, which crossed caudal to the
kidneys and their gross anatomy indicated that they were
ml mvelved in bloosd supply to this organ (Fig. 44), & por=
abalic Bow veloaty profile wax observed (Fig. 3C; Tahle 1)

Anatomical dissections showed that most of the remal
blood supply was provided by the renal portal system com-
prising too large renal afferent portal veins: the hypogastric
vein, penetraling the kidney caudally, and the epigastric
vein that enters this organ laterally in 13 cranial hall
(Fig. 5B). These veins and the renal arteries could not be

Fig. L (A} B-made ond colour flow Doppler ulimsound image of lurg
vesszls of loggerhend sea tartdes seen through ihe kefi carvicobruchio
acoustic window ired for Doppler shifts towards the uhirnsound beam ans
hlue for shifls nway from it). (H) B-mode ultrasound mmage of (he sam
arch semn through darsal cervical acoustic window. Cursors measure th
dinmctor. (& Yentml view of descciod henric 1, Idt norisc arch; 2, nigh
WOt 0L l|5||| aoilig ||I..!|'-. Y, HEUF Yeious 1For ||.'\.|-\.'IPHIJ.I|I\.IIL of ik
ridavsnsss (o erlour i ibas Bpure lepensl, ibs raulsr = relorrel foe ibs wal
versson of ihis snicle)

clearly identified in the ultrasound examination, Only the
renal vein {a single large efferemt renal ven as shown e
Fig. 5A) could be observed consiztently in the ultrasounc

Plense ke thin aorticke in press e Yalete, AL el al | Evaluition of Doppler ullnmonopgraphy For ihe oemvumement . The Velor-

mary Journal [2007), dode D0 1006/ L2007 03 s
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Fig. 3, Doppler wavelormes of largs veasls of |oppsihead wa tirtls, (A
(LX) indarnal dliag amery asd () pormsl pattemn prohils of (he soma of

examination, and was positioned cranial 1o the kidney
{Fig. 48 and )

The ternal iliae arteries were klentified in the posifies
moral acoustic windows. The ultrasound beam was direc.
ted crando-dorsally, dorsal to the hip joint. The arteries
were consistently seen in the pelvic musculalure passing
dorso-candally to the ilum (Fig, 6) and showed an unpro-
noanced svstolic peak followed by decreased continuous
flow. Blood Aow measurements are presented in Table 1.

Plese cife th article in prss
inary Jowrnal (J007), dadzi0, 10083, eaq L2007 03 00
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Discussion

T humans and domestic antmals i1 is known that endo=
thelial dvsfunction is present in mdividuals with artenosche-
rosis and other causes of chronic heart failure, which could
be diagnosed by abnormal responses in blood fow (Glagow

et al., 1988; Koagawa et al., 1995), In the case ol reprilians,

there 18 scant information for clmscians concerning (uncs
tional anatomy, circulatory physiology and pathology

... The Velers
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I'shie 1

Pk systolic veooily | Feg), mean velomly (Pl pulsatility (F1) and resstine (BRI mdicss, and systoli’dinstoli: naso in juvenile and sub-adul

I Ll head sea tuniles

Arlencs T [
Lefi aoria 0.22 = 0.08 0.12 &= D.0S
Right noria 0. 1% 4 .07 O 4 (RO
Lefl cpigastric 0. 14 =+ 0k 0,06 £ 002
Fight spigaiteis 0,14 4 0s R ER T
Lafl mlérnal il 0.13 & 0.0 0.08 & 004
Right imternal aliac 0.13 £ D.05 0.08 £ Dl

Mlesn £ ptsndsrd devisson are presentsd.

(Dangerfeld et al_, 1976; Cwcn, 1977). The absence of phys-
1ological parameters could be a ponecipal obstacle to resch-
ing o diagnosis of circulatory failore n this nmmal group.

I'he heart rate observed in our study and its negative
correlation with body mass agrees with data cied by previ-
ous authors for the species { Chittick et al, 2002; Hochse-
hewd et al, 2002}, Physical distress due o manual
restrunt and some room temperature oscllation dunng
cramination could be respongible for the beal moenzee
obzerved in wo sub-adult turtles

The small acoustic window created by the scapular gir-
die bones, camnpace and plastron bones limited access 1o
the aortic artenes and did oot allow transducer rwtation
1o obtain different views as is possible in dogs, where the
left enndal |.1|'|L¢.'.I'| |1.:|::H.r|.'rr||:|l laestion 15 mmmnnl_\ HETCT |
1o measure lelt ventnncular outllow triel and aorc root
hlood Bow velacities [ Kienle and Thomas, 2002)

The atypieal anertie wavelorm observed in this study
seems o rellect the differences 1n the cardiovascular anat-
omy aml physiology between mammals amd reptiles. Fo
cxample, in sea twrbes there are two aortic artencs, the
shunted ventricle 8 partially divided inta three chambers
| CiEn _|!1|'l||l|l|l!-'.||'|:f|'lf.'. CUERTE PRI I:I'I'll:! COPMTT Arferiosrn]
amd the animils have low bload viscosity (Wells and Bald-
win, 1994), In sea wrtles, the bood Bow can be aliered 1o
shunt elther deocygennied blood to the lngs or oxygen.-
aled Blood 1o the bady, provichng the anmmal wath grented
control over 118 bload flow, allowing long diving times
(Hicks, 2003

When the lungs are being ventilated and pulmonary
resistance 5 low, as much as 8% of the cardiac output
gots 1o the lungs (Murray, 2006a), In this case, during nor-
mal respiration, atrial syslole causes blood 1o Now mla the
single ventriche filling the covwm prulmonare and vemonw
Coneurrently, pulmon:ary blood runs from the lefl atrium
into the corum arieriomrn, During the veniricular sysiole,
blood from the comm cemosion amd medmonare lows 10
the low-pressure pulmonary cireuil and blood from the
certrane arferienen 13 forced through the partially contracted
cavip perosin to exit the heart via the left and right aortic
arches {Murray, 200a).

According to one hypothetical analvsis illustrated by
Hicks (2002, in this kind of ciculation, the ratio of peak
systalic Blood presure in the svstemic and pulmonary
flows is close bo 120, The beart Tunclions as a single pressure

[ Please clie: this articke in
mary Joumal C007Y, dod: IO 1016/ 0w] L2007 02,006

PL 14 Syatobkediastol
137 4 0,84 Q.71 010 1E] & 1.27
150 4 0,36 BLT0 4012 ETE 4 1.M
LSS + 030 05t +0.11 057
104 4 041 DE% 410,12 26 4 0,84
0A5 & .45 D46 2013 1951 0.58
A3 + 0.6l 048 +0.16 L.16 1 0.56

1A Arrow indicates the lefl o
iseen in vellow, emergy Doppler nnaplinede flow) i the crndo-veniral par
l'“hf'l.llll'lf_'a' () Rensl vem. Cr, craninl; Ca eaodad. | For IRErPreinlice
of Uhee pefferaoss 1 cobour i ihis |i!l.'ll'.'|.n:E|.'III| Bl resder & pelfanal i th

t1ery, (B} Presence of blood flis

sl versiom of thes anicle

as Yalenie, AL ot al, Eviluntion of Doppler wirasonograply for e measurement _., The Yeler-
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Fig. 8. Gress snuesemizal dizeection of o loggerhead wm murde kideey, (A) Vel view, | B) Doreo-bsieral view jkidney parisdly remeved). K, doral faoe
of Kidaey; 1, réemal véin; 2, abdontinal aoria ariery; 3, renal snérics 2, eviernal iliae arery; 5, epigasiric artery; &, illag veim; 7, epigastric vemn (laizeal renal

podtal vk 8, hivpogasiric veln {ouds| saeal poial wanh

Fig. 6. Ultmsousd view ibrosgh posifemom! ocoustic window of o
boggerhead sen nle. 1, intemmal iling artery; 2, ilum

pump, with shunt direction and magnitnde varying by
changes in pulmonary and systemic vascular resistances.
The mammaban ratio of systemic to pulmonary vascolar
resistance 15 between 7.0 and 1000 {Van den Bos et al,
19682). Simce differences in How wave shapes can be
eaplained by the smount of reflection in the vascular bed
{Van den Bos et al, 1952), the phylogenetc development
of a double circulation with systemic and pulmonary vas-
cular cicuils (high-pressure and low-pressure carculations,
respectively) in mammals could be the principal cause of
the differences found in the aortic protiles, P1 and R1 of
the loggerhend sea turbe compared with dogs (Mibo
et al., 2004].

Ventricular contraction tends to bring the heart apex o
the muscular redge separating the covan pulnarere from
the coren arrerfomm and ceresiom, (hereby creating a bar-
rier apainsl the fdow of blood from the caremr arreriosum
into the cooen pufmenare. The exapperated (hyperdy=
namic) ventricular wall motion observed in our siady is
consudered normal for chelanians (Murrny, 2006a) and 15
also present in dogs with left-to-right shunts or vahular

regurgitation when end-dinstolic volume is increased and
end-avatalie voluime 14 normial to slightly inereased (Koienle
and Thamas, 2002)

The hepatie Hew velocity wavelorm found in our study
rescmbics those known for the dog and the ball pythan
with A, © and Vewnwes being idemified (Finn=Rodner
and Hudson, 1998; Starck and Wonmer, 2005), However,
unlike thos: fndings, the specttum was observed above
the baseling in owr study, Tnterpretation of the Now dinec-
tion is related to transducer positioning and apatomical
features of the species examined. In dogs, ulirasonographic
examination of the hepatic vein i performed by placing the
transducer on the wventral midline directly condal to the
siphiosd proeceas of the sternum, with caudal-crmmal orien-
tation of the ultrasound beam (Mattoon el al, 2002). In
the ball python, the inmpes wene oblained by placing the
fransducer on the lelt side of the rge veniral scales, with
the caudal part of the gallbladder being used as a landmarck
(Starck and Wimmer, 2003). In both species the ultrasound
beam crosses the liver cando-cranially, n the same direc-
tion as the bloed Aow in the hepatic veins, A positive
Doppler shift is obtaimed if the beam is aligned m the direc-
tien of the Bow whereas a pegative signal (below the buase-
bine} s present when the fow 18 away from the beam
(Micolnides et al., NH2). In the loggerhead sen turtle Uhe
right hepatic vein was assessed at its most cranial point,
through the axillary acoustic window, therefore the flow
was observed coming up to the transducer which could
explain the above baseline pattern observed.

Another difference with the dog is the A and C-wave flow
velocity, The A-wave represents the blood fow velocity in
the hepatic vem durimg atrial diastoke and the Cavave repre-
sents thie bload Now 1.:Im-j:3, mn Thi vein l]l:lri:IIE The ventrg-
war diastole (Pozniak, 2002). Flow velocity peak in the C-
wave was higher than that in the A=wave in the loggerhemd
sea turtle i the present study. This pattern has also been
observed i ball pythons {Starck and Wimmer, 2005) and

Plesse cite thix article in
frnry Joumal (2007}, dal:10. 1016/ ol 2007.03.006
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could be related 1o the hyperkinetic motion of the ventrcle
dunng ventricular dinstole when the ventricle presses
agamsl the flied atna at the same tme as the atrovenine-
lar monocusp valve is opencd, cousing 3 more rapid expul-
sion of the blood from the atria. Additienally, the bght
atriwm fills two of the three compartments of the single ven-
tricle, the cavnnr cemosian and carwen palrranale, while blood
from the left atoum passes dircctly to the cavwm arferionan
(Mureay, 2006a). During the atrial systole the Aow neary
stops and 4 slight reverse flow was observed, as ocours in
dog ( Finn-Bodner and Hudson, 199%),

There is a greal pavcty of mlerpretative studics of the
Daoppler spectrum in repriles, The low resistance flow pat-
tern observed in the arterics studied here, indicated by
broad systolic peaks and continuous, high velocity flow in
diaztole with pradually decreazing welocity (Porniak,
200r2), has also been seen in the ball python in a postprandial
comdition (Starck and Wimmer, 30035) and suggesis that the
Toggerhend sea turtle’s organs need o contimons hlood sup-
ply. Normal peak flow velocities in systole in the omfow
tract regions and proximal large vessels in dogs and cats
are usually around 1 m/s with some patienis having veloci-
ties approaching 2 m/fs (Kienls and Thomas, 2002). In sea
furiles we found How velocilies 10 fimes less than thoss
described. The pulsatility (PT) and resistive (RT) mdices
the aoric artenes were lower than those descobed for dogs,
where P1 and RI in the abdominal aorta artery were 3.09
and 0.91, respectively (Mifio et al, 2004). P1 and RI values
from ather reptilian species were not found in the literature.

Anatomical studies on the renal portal system have been
carried out in varkols chelonkan species, and anatomical
fermmaology apphed 1o the vessel has been confusing.
Wyneken (2001) stated that in sea turtles the hypogastric
vieim enters the kidneys posteriorly and ventrally, The renal
porial veins drain from the dorsal kidney capillaries into
the external iliacs at the level af the epigastric vains, or inta
the posterior extent of the abdominal vein, However, in
this work the schematic drawing presented does not permit
clear dentification of the hvpogastrse vean, Other authors
(Holz et al,, 1997, Halz, 2006) have descrabed the afferent
renil portal veins i the red-eared slider as being the ilisc
and hypogastric veins or genencally renal portal veins.

We have assumed thal the hypogasirio vein is o branch
of the external thae vem referred fo as the arcumflex iliac
vein by Holz et al. (1997). The iliac vein described by these
authors as enfenng approximately two-thirds of the woy
caudal 10 the cranial pole of the Kidney s the same as that
obzerved in the snatomical dissections of murtles in the cup-
rent stwdy which been lermed the epigasine vein. These
impoctant renal veins coukl not be visualisad and measured
in the ultmsonographic examination due to the small
acousic windows, For example, the epgasine van mns
close to the carapace bone along its lateral curvature, pass-
ing just dorsal 1o the prefemoral fossa, in an area Inacces-
sible o the ulirasound beam.

To measure heart rate in chelomans, Murray (20065])
indicated the usefulness of the Doppler low detector

placed dicectly over the carotld artery. In sea wurtles thic
artery would sesm nol to be as accessible ag in others spe
cies of chelomans because of its deep position and the largs
muscular neck. The internal iliac arteries could therefore be
used az an alternative way 1o cheek the heart rate in largs
turthes, when acocss 1o the carotid and aortic arches, eithe
through the neck or cervicobrachial acoustic windows, &
difficult.

Canclusinn

The Doppler wavetorm of the aortc aneres of logger
head zea wrtle differs from that known in mammals in tha
the plug flow pattern and the clear spectral window are no-
consistenmily observed. The low resistance fow patiers
found in thess large ameries reflects peculiarities in the car
diovascular anatomy and physiology of the reptiles, such o
the presence of two aortas and the shunted ventricle, Con
sequently, peak systolic velocity, mean velooity, pulsatilits
and resastive indices of the both right and kit aortic anerie
of the loggerhead sea turtle are smaller than those recordec
for the abdominal aorta of the dog. The hepatic vein flow
velocity wivefomm of the loggerhead sea turile is similar te
that of the dog, although the fow velocity of the Cowave &
higher than that of the A-wave. The vessels (hypogastos
and epigasinic veins) that form the renal portal svsiem s
the loggerhead séa turtle are similar to those found in the
red-cared slider, although with differing nomenclature usec
by previous authors.

Based on the results of this studdy, we conclude tha
Dappler ultrasonography could be an mportant tool is
detecting quaniilative changes in blood fow m the logger
head zea turtle, MNormal patierns and flow values providec
in this study could help in the future azscssment or evalua
tion of cardiovascular dizorders in injured turtles. Addi
tional studies using similar Doppler paranmieters including
an imcreasad number of turtles and adult individuals are
needad in order to complement the database on loggerheac
sea turtle blood fow,
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