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The aim of this study was to describe Doppler parameters of uterine, umbilical, fetal abdom-
inal aorta, fetal renal and fetal internal carotid arteries, as well as fetal heart rate (FHR),
during normal feline gestation. Fifteen, 1-4 years of age, weighing 2.5-3.9 kg, domestic
short-hair pregnant queens, which were born in our institutional cat colony were included
in this study. Color and pulsed-wave Doppler evaluations of uterine arteries were performed
every 10 days (Day 0, 10, 20, 30, 40, 50, 60) from mating. Fetal Doppler and M-mode ultra-
sonography were performed to assess umbilical, fetal abdominal aorta, fetal renal, fetal
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(RI) decreased from Day 10 onwards (P<0.01). From Day 40 onwards, RI of umbilical artery
diminished, while PSV and EDV augmented (P<0.01). Fetal abdominal aorta (P<0.01), renal
(P<0.01) and internal carotid (P<0.01) arteries diminished their RI from Days 40, 60 and 40
onwards, respectively. Both PSV and EDV of these three arteries increased progressively.
Fetal heart rate was first registered on Day 20 when it began to increase up to Day 40
and then diminished to the end of gestation (P<0.01). It is concluded that blood flow of
uterine, umbilical, fetal abdominal aorta, fetal renal and fetal internal carotid arteries pro-
gressively increased during normal feline pregnancy, while FHR rose to mid gestation and
then decreased up to parturition.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Doppler ultrasound is a non invasive useful tool to eval-
uate gestation in many mammalian species. This technique
permits the examination of placental and fetal vessels
providing information of fetoplacental health. As gesta-
tion progresses, the increasing density of fetal membranes
and placental capillaries induces a rising blood flow of
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the involved vessels (Papageorghiou et al., 2004; Reynolds
et al., 2006).

Doppler ultrasound measures absolute velocities within
an artery, from which resistance index (RI) is calculated.
This index decreases during normal gestation in uterine,
umbilical and other fetal arteries in many mammalian
species (Bucca et al., 2005; Blanco et al., 2008).

In human and canine pregnancy, it has been reported
that the absence of RI decrease of uterine, umbilical and
fetal renal arteries is associated with adverse outcome
(Coleman et al., 2000; Acharya et al., 2005; Blanco et al.,
2011). For this reason, in pregnant women, Doppler has
become a routine technique for identifying fetal compro-
mise associated with an abnormal uteroplacental or fetal
circulation.
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In the queen, Doppler reports in obstetrics are contro-
versial. While Scotti et al. (2008) found a decrease of RI of
uteroplacental arteries along with gestation, Pereira et al.
(2012a) stated that the index remained unchanged. Fur-
thermore, in one report, the RI of uterine arteries was found
to peak between Days 33 and 43 and then diminished up
to Day 48 (Brito et al., 2010), and to progressively decrease
in the uterine horn containing the lower number of fetuses
in another study (Pereira et al., 2012b).

Concerning umbilical artery velocimetry, Scotti et al.
(2008) described that its RI diminished progressively dur-
ing the second half of gestation. Conversely, Brito et al.
(2010) stated that this index only decreased in two periods:
between Days 22 and 40 and between Days 41 and 50 of
gestation.

Fetal aorta was described during the last 5 weeks of
feline pregnancy presenting a decrease of its RI (Scotti et al.,
2008), and there is no information about this vessel during
early gestation. In human fetuses, oligohydramnios with
prolonged hypoxia is probably a consequence of decreased
renal perfusion, evidenced by Doppler assessment of fetal
renal artery (Mari et al., 1993). Additionally, RI of the fetal
internal carotid artery is predictive for the development
of an abnormal fetal heart rate trace (Groenenberg et al.,
1993). In pregnant cats there are no reports of fetal renal
and carotid arteries.

Fetal heart rate (FHR) can be first ultrasonographi-
cally detected between Days 16 and 17 of feline gestation
(Zambelli and Prati, 2006), and it has been reported to
remain unchanged in the course of this period (Verstegen
et al., 1993). Considering that this parameter is widely
used to monitor fetal health (Lopate, 2008; Traas, 2008;
White, 2012), it is also interesting to determine eventual
gestational variations as have been found in other species
(Verstegen etal., 1993; Breukelman et al., 2006; Nagel et al.,
2011). Physiological changes of Doppler parameters and
FHR during feline gestation should be known so that unfa-
vorable fetal conditions could be recognized.

To unveil the previously described controversies, the
aim of this study was to describe Doppler parameters of
uterine artery, umbilical artery, fetal abdominal aorta, fetal
renal and fetal internal carotid arteries, as well as FHR, dur-
ing normal feline gestation.

2. Materials and methods
2.1. Animals

Fifteen, 1-4 year-old, weighing 2.5-3.9 kg, domestic
short-hair pregnant queens, which were born in our Insti-
tutional cat colony were included in this study. The animals
were exposed to a 10h dark, 14 h light photoperiod, fed
with dry commercial premium cat food and water ad libi-
tum.

Estrus cycle was monitored three times a week, based
on behavior and vaginal cytology (Johnston et al., 2001).
Queens were mated on the third or fourth day of estrus
(Day 0) by fertile male cats. Considering all the animals,
the whole period of mating was 1 month. This study was
reviewed and approved by the Animal Care and Use Com-
mittee of the Veterinary School of the National University

of La Plata, Argentine and all experiments were conducted
under the guidelines established in The Guide for The Care
and Use of laboratory Animals, USA.

2.2. Study design and ultrasonographic evaluations

Pregnancy was confirmed in all the cases using two-
dimensional ultrasonographic examination (Toshiba Core
Vision Pro, Japan) with an 8-MHz linear-array transducer
(England, 1998). Color and pulsed-wave Doppler evalua-
tions of uterine arteries were performed every 10 days from
mating day in all the queens, i.e. Days 0, 10, 20, 30, 40,
50, 60. The female cats were positioned in lateral recum-
bency without sedation and the hair of the ventral skin
was clipped after 5 min of acclimatization. Acoustic gel was
applied to the transducer and coupled directly to the skin.
Two-dimensional ultrasonography was used to identify the
uterine body in a transversal axis. Uterine arteries were
localized at both sides of the uterine body with color flow
mapping and pulsed-wave Doppler was used to obtain the
waveforms (Alvarez-Clau and Liste, 2005).

Fetal Doppler and M-mode ultrasonography were per-
formed in the most caudal fetus of the right uterine horn,
according to previous reports (Di Salvo et al., 2006; Scotti
et al., 2008). Umbilical artery, fetal abdominal aorta, fetal
renal artery and fetal internal carotid artery were assessed
by color and pulsed-wave Doppler from their first possible
detection up to parturition (Scotti et al., 2008). To perform
Doppler ultrasonography of the fetal renal artery, a longi-
tudinal view of the fetal kidney was obtained. The renal
artery was subsequently detected in the renal hilum of
the fetus (Blanco et al., 2011). The fetal internal carotid
artery was detected at each side of the deep portion of
diencephalo-telencephalic vesicle (Beccaglia et al., 2008;
Blanco et al., 2011). To minimize variability, three uniform
consecutive waveforms were recorded by a trained oper-
ator. Measurements having an angle of insonation >20°
were disregarded. Peak systolic velocity (PSV) and end
diastolic velocity (EDV) were measured. Resistance index
[(PSV-EDV)/PSV] was automatically calculated in all ves-
sels (Dickey, 1997). Fetal heart rate was obtained with
M-mode ultrasound as previously described (Verstegen
etal., 1993).In all the queens, ultrasonographic evaluations
were performed in periods no longer than 30 min.

2.3. Statistical analysis

Peak systolic velocity, EDV and RI of the left and right
uterine arteries were compared using a Student’s t-tests.
Repeated measures ANOVA followed by Tukey test was car-
ried out to evaluate the effect of time on PSV, EDV and RI
of each artery and FHR, using litter size as a covariate (SPSS
18.0; SPSS, Chicago, IL, USA). The level of significance was
set on P<0.05.

3. Results

Parturition occurred normally 65+ 1.6 (mean+ SEM)
days from mating in all the females. Litter size ranged from
2 to 5 healthy kittens, without having an effect on the ana-
lyzed parameters (P>0.1).
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Fig. 1. Pulsed wave Doppler ultrasound register of left and right uterine arteries (white arrows) at each side of the uterine body (U), in a selected pregnant
queen 50 days after mating. Bladder (B); peak systolic velocity (PSV); end diastolic velocity (EDV).

Original recordings of pulsed-wave Doppler ultrasound
of uterine artery are shown in Fig. 1. No differences were
found between left and right uterine arteries (P>0.1),
therefore, values of PSV, EDV and RI were averaged. Uter-
ine artery waveforms were characterized by the presence
of end diastolic flow from Day O to the end of gestation.
Both PSV and EDV of this artery increased up to partu-
rition (P<0.01; Table 1). Conversely, RI of uterine artery
progressively decreased in the course of the study from
Day 10 onwards (P<0.01). On that Day, this parameter was
0.56+0.01, and on Day 60 it was 0.32 4+0.00 (Fig. 2).
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Fig. 2. Resistance index (mean+SEM) of uterine artery of 15 queens
assessed every 10 days during normal gestation (Day 0=day of mating).
Different letters indicate differences (P<0.01) between days.

Umbilical artery was first detected on Day 20 of ges-
tation. From Day 40 onwards, RI of this artery diminished
(P<0.01; Fig. 3), while PSV and EDV augmented (P<0.01;
Table 1). On that Day, RI showed a value of 0.96 +0.01,
and on Day 60 it fell to 0.72 +£0.02. At the time point of
detection, this artery had only a systolic component of the
waveform. On Day 30, a diastolic component was incon-
stantly observed, although it was constant from Day 40 to
parturition.

Fetal abdominal aorta and fetal internal carotid artery
were first observed on Day 20 and 30 of pregnancy, respec-
tively, while fetal renal artery was first detected on Day
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Fig. 3. Resistance index (mean 4+ SEM) of umbilical artery of the same

animals of Fig. 2. Different letters indicate differences (P<0.01) between
days.
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Table 1

Peak systolic velocity (PSV; mean + SEM) and end diastolic velocity (EDV; mean + SEM) of uterine artery (UA), umbilical artery (UMB), fetal abdominal
aorta (Ao), fetal renal (FR) and fetal internal carotid (FIC) arteries of fifteen queens assessed every 10 days during normal gestation (Day 0 = day of mating).

Artery Days of gestation
0 10 20 30 40 50 60
UA  PSV 0.21+0.01¢ 0.214+0.00? 0.28 +£0.00? 0.45+0.03P 0.49+0.02° 0.57 +0.06"¢ 0.60 +0.05°¢
EDV 0.08 +0.0? 0.10+0.0%° 0.19+0.02P¢ 0.28 +0.02¢4 0.29+0.02¢4 0.37 +0.044 0.35+0.03¢
UMB PSV - - 0.04+0.00? 0.13+0.00° 0.31+0.03¢ 0.40+0.024 0.41+0.014
EDV - - 0+0? 0.004 +0.00° 0.04 +0.00° 0.09 +0.00¢ 0.11+0.01¢
Ao PSvV - - 0.06 +0.00* 0.19+0.01° 0.28+0.03° 0.41+0.03¢ 0.39+0.02¢
EDV - - 0+0? 0.003 +£0.00? 0.03+0.00° 0.06 + 0.00¢ 0.08 +0.00°
FR PSvV - - - - 0.06 +0.00* 0.07 £0.00? 0.1+0.00°
EDV - - - - 0.007 +0.00? 0.01+0.00° 0.02 +0.00°
FIC  PSV - - - 0.05+0.00* 0.07 +0.00*> 0.08 +0.00° 0.09 +0.00°
EDV - - - 0.005 +0.00* 0.01 +0.00*P 0.02 +0.00P¢ 0.03 +0.00¢

Means with different superscript in the same line indicate differences (P<0.01) between days.

40. Fetal abdominal aorta (P<0.01; Fig. 4), renal (P<0.01;
Fig. 5) and internal carotid (P<0.01; Fig. 6) arteries dimin-
ished their RI from Days 40, 60 and 40, respectively. Both
PSV and EDV of these three arteries increased progres-
sively (Table 1). At the time point of first detection, fetal
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Fig. 4. Resistance index (mean=+SEM) of fetal abdominal aorta of the
same animals of Fig. 2. Different letters indicate differences (P<0.01)
between days.

0,95 A

[

0,90 A a

0,85 1

0,80 A

0,75 A

Resistance index of fetal renal artery

0,70 A

40 50 60
Days of gestation
Fig. 5. Resistance index (mean +SEM) of fetal renal artery of the same

animals of Fig. 2. Different letters indicate differences (P<0.01) between
days.
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Fig. 6. Resistance index (mean 4 SEM) of fetal internal carotid artery of
the same animals of Fig. 2. Different letters indicate differences (P<0.01)
between days.

abdominal aorta and internal carotid artery had RI values
of 1.0+ 0 and 0.91+£0.01, respectively, and reached val-
ues of 0.80+0.01 and 0.61+40.02 on Day 60. Fetal renal
artery showed aRI0of 0.87 +0.04 on Day 40 and it decreased
to 0.72+0.03 on Day 60. Fetal heart rate was first reg-
istered on Day 20 with a value of 227 +3 bpm. Then, it
began to increase up to Day 40 reaching 224+ 1bpm.
Finally, it diminished to the end of gestation with a value
of 223 £ 7bpm on Day 60 (P<0.01; Fig. 7).

4. Discussion

In the course of this study, maternal and fetal arter-
ies blood flow progressively increased to parturition.
No decrease in blood flow was detected in the studied
vessels as previously found in other studies (Brito et al.,
2010; Pereira et al., 2012a,b). Moreover, FHR also showed
changes during pregnancy. This is consistent with what has
been described for other mammalian species such as cows,
horses, humans and dogs for normal gestation (Dickey,
1997; Bollwein et al., 2002, 2004; Blanco et al., 2011).

In this experiment, uterine artery presented a constant
end diastolic flow (i.e. it was neither absent nor reversed),
while PSV and EDV increased and RI decreased. This is
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Fig. 7. Fetal heart rate (mean + SEM) of the same animals of Fig. 2. Differ-
ent letters indicate differences (P<0.01) between days.

in line with what has been described for uteroplacental
arteries in pregnant queens (Scotti et al., 2008) and in dis-
agreement with other reports for uteroplacental (Pereira
etal., 2012a)and uterine arteries in this species (Brito et al.,
2010; Pereira et al., 2012b). The increase in the uterine
blood flow found in this study might be due to the increas-
ing feline placental functional activity and fetal growth
(Miglino et al., 2006). In addition, it has been suggested
that uterine artery waveform s also areflection of estrogen,
progesterone and androgens effects, maternal vascular and
endothelial function (Everett and Lees, 2012). It is worth
noting that the absence of a decreasing rate of the uterine
artery RI has been associated to adverse pregnancy out-
come in humans and dogs (Cnossen et al., 2008; Blanco
etal., 2011).

Absolute values of uterine artery RI found in this study
were lower than those previously reported for pregnant
cats (Brito et al., 2010; Pereira etal., 2012b). They were also
lower than those described for canine pregnancy (Miranda
and Domingues, 2010). Despite both species develop an
endotheliochorial placenta (Walter and Schonkypl, 2006),
this vascular difference might be due to some histologi-
cal characteristics of feline placenta which has not been
described in dogs (Dall’Aglio et al., 2012a,b). Each area in
the zonary girdle of the feline placenta is supplied by a
centrally located stem-artery. The periendothelial region
between the maternal endothelium of this stem vessel
and the surrounding syncytiotrophoblast is comparable to
the human perivascular stem villous sheath (Walter and
Schonkypl, 2006). Interestingly, in the course of human
gestation, RI of uterine artery has similar values than those
found here for feline gestation (Kurmanavicius et al., 1997;
Bahlmann et al., 2012). This might be due to the previously
described placental histological similarities.

Values of uterine artery PSV and EDV found in this study
were higher than those previously reported in uterine as
well as uteroplacental arteries in pregnant cats (Scotti
et al., 2008; Pereira et al., 2012a). This might be due to the
reduced angle of insonation used in this study. When the
angle between the ultrasound beam and the blood flow
is close to zero degrees, a value close to the real value of

the blood velocity is obtained. Importantly, when angle
correction is used on very small or very tortuous vessels,
such as the feline uterine arteries, it is easy to erroneously
increase or decrease the actual angle of insonation and,
thereby, to obtain an incorrect estimation of the velocity.
As the angle increases, the blood velocity is progressively
underestimated (Detti et al., 2010).

Resistance index of uterine artery diminished in these
cats from Day 10 onwards. The beginning of this decrease
occurred earlier than in other species (Alvarez-Clau and
Liste, 2005; Blanco et al., 2011). Considering that in queens,
bidimensional ultrasound can be used to diagnose gesta-
tion from Day 11 and embryo observation is possible from
Day 16 onwards (Zambelli and Prati, 2006; Davidson and
Baker, 2009), Doppler ultrasound would be an early tool for
feline pregnancy diagnosis. In this aspect, further studies
in early pseudopregnant cats would be necessary to unveil
whether uterine artery RI decrease is pregnancy specific or
not.

As expected, umbilical artery blood flow augmented
throughout feline gestation. It was measured from Day 20
onwards, as previously reported for this species (Pereira
etal.,2012a). On that day, the yolk sac is completely vascu-
larized by blood vessels originated from the umbilical cord
(Miglino et al., 2006). Furthermore, in this study EDV of this
artery was first detected on Day 30, which is consistent
with a previous report in cats (Scotti et al., 2008). Resis-
tance index of umbilical artery decreased in the course of
pregnancy, as previously described in this species (Scotti
etal., 2008). This might be due to the branches of the blood
vessels of the umbilical cord that begin to appear between
Day 25 and 30 of gestation, supplying both the yolk sac and
the placental girdle (Miglino et al., 2006).

Fetal abdominal aorta increased its blood flow through-
out gestation as previously described in pregnant cats
(Scotti et al., 2008; Pereira et al., 2012a). This artery was
detected on Day 20, 6 days later than in other study (Pereira
et al., 2012a). This is probably due to that in that report,
fetal aorta was measured at the level of its arch, while
in this study the abdominal portion was assessed adding
information about the peripheral circulation to the hind
limbs, spleen, skeletal muscles and mesentery (Akalin-Sel
and Campbell, 1992).

To our knowledge, this is the first report of Doppler
velocimetry of fetal renal and internal carotid arteries in
the course of feline pregnancy. Blood flow increased in both
vessels during gestation as previously reported in humans
and dogs (Mari et al., 1993; Morales-Rosell6, 2002; Blanco
et al., 2011). Fetal renal artery was first registered on Day
40 and its RI diminished on Day 60, which is consistent
with what has been found in canine species (Blanco et al.,
2011). This fall might be due to the late appearance of the
cortical region, which can be ultrasonographically detected
from Day 50 onwards in feline fetal kidneys (Zambelli and
Prati, 2006). The development of glomerular tissue might
be responsible for the augmented blood flow in the fetal
renal artery. Fetal internal carotid artery was first observed
on Day 30 of gestation. In this study, the deep portion of
diencephalo-telencephalic vesicle was observed in the fetal
skull from Day 30, as previously described in cats (Beccaglia
et al., 2008). For this reason, it was possible to detect the
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internal carotid artery at each side of this structure, earlier
than in dogs (Blanco et al., 2011). Resistance index of this
vessel decreased during the present study. This is probably
due to the development of the fetal encephalic structures
(Morales-Rosell6, 2002).

Feline FHR increased initially from Day 20 up to Day
40 and then described a decrease up to parturition. This
result agrees with previous reports for canine FHR, which
presented low values by the time of detection, rose to mid
gestation and then diminished up to parturition (Verstegen
etal., 1993). However it is not in line with previous reports
in cats, in which FHR was reported to remain stable during
pregnancy (Verstegen et al., 1993). The data obtained in the
present study is useful to determine the values of FHR that
should be considered as indicative of fetal stress.

In this study, Doppler ultrasound evidenced the increas-
ing blood flow in the course of normal feline gestation.
Further work is needed to compare normal and com-
plicated pregnancy values and then to find out if
these parameters could predict abnormal feline gestation.
Although, series of examinations would be needed to detect
changes in the normal trend of Doppler parameters, a sin-
gle determination with aberrant values could be indicative
of obstetrical disease in this species.

5. Conclusions

It is concluded that blood flow of uterine artery, umbil-
ical artery, fetal abdominal aorta, fetal renal and fetal
internal carotid arteries progressively increased during
normal feline pregnancy, while FHR rose to mid gestation
and then decreased up to parturition.
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