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Abstract

Objectives: The aim of this study was to determine the feasibility of sonographically measuring the caudal vena
cava (CVC) at the subxiphoid view of healthy lightly sedated cats in a standing position and lateral recumbency.
Methods: This was a prospective, observational, experimental single-centre study. Twenty healthy research-
purposed cats were enrolled. Two trained operators scanned each cat in two positions — standing and lateral
recumbency — in a randomised order. G¥GAdiameter was measured at the narrowest diameter during inspiration
and the widest diameter during expiration, at two anatomical locations along the CVC — where the CVC crosses
the diaphragm and 2mm caudal to the diaphragm. The CVC collapsibility index (CVC-CI) was calculated for each
site. Normalcy was assessed with a Shapiro-Wilk test. A one-way ANOVA with post-hoc Tukey’s test was used to
compare inspiratory to expiratory values within and between groups. A paired t-test compared the CVC-CI between
groups (P =<0.05 indicated statistical significance). Spearman’s correlation and Bland-Altman analysis assessed
inter-operator variability.

Results: All sonographic data passed normalcy and were reported as mean = SD. When compared to each other,
inspiratory and expiratory values were statistically different for position, location and operator (all P <0.0001).
There was no statistically significant difference between lateral recumbency or standing position for inspiratory,
expiratory and CVC-CI values. Inter-operator variability was substantial, with operator 2 consistently obtaining
smaller measurements than operator 1. The mean CVC-CI in lateral recumbency at baseline was 24% for operator
1 and 37% for operator 2. For the same measurement in standing position, CVC-Cl was 27% and 41%, respectively.
Conclusions and relevance: This pilot study demonstrates that it is possible to sonographically measure the CVC
diameter in both lateral recumbency and a standing position in healthy lightly sedated cats. However, measurements
obtained are operator dependent with variability between individuals. Further studies are needed to determine if
sonographic CVC assessment will prove helpful in estimating intravascular volume status in cats.
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volume status is often based on patient history and physi-
cal examination findings, which have low sensitivity
and specificity at predicting states of volaemia and fluid
responsiveness.’

Developing appropriate tools to diagnose intravas-
cular volume derangements, monitor intravascular vol-
ume status and predict fluid responsiveness is crucial to
the management of emergency and critical care (ECC)
patients. Cats are particularly challenging given their
unique response to shock states (bradycardia, hypother-
mia and hypotension) and their small size. Furthermore,
they are prone to volume overload, likely due to their
smaller blood volume, decreased rate of fluid elimina-
tion and potential to have occult cardiomyopathies.!0-14
Owing to its elastic nature, sonographic evaluation of
the inferior vena cava (IVC) is an effective, non-invasive
monitoring tool to determine intravascular volume status
and fluid responsiveness in people.!>1¢ Moreover, feasi-
bility and reference intervals (RIs) for caudal vena cava
(CVC) diameter and CVC collapsibility index (CVC-CI)
have been established in dogs and foals.'”18 It has also
been demonstrated that the CVC-CI can accurately pre-
dict fluid responsiveness in critically ill dogs with perfu-
sion abnormalities.!” There is limited research regarding
the CVC as a volume assessment tool in cats. A recent
study described CVC measurements at three sites —
subxiphoid (SV), hepatic (HV) and paralumbar (PV)
views — in anaesthetised cats (n =21) undergoing blood
donation. They found a difference in the CVC diame-
ter when comparing a 10 ml/kg deficit of whole blood
and a subsequent 30 ml/kg bolus of crystalloid fluids.?
Another study examining the CVC-CI in a group of 15
healthy awake cats via the right HV showed a CI of
28% = 3% at this location.?!

Historically, most small animal point-of-care ultra-
sound (POCUS) examinations, including CVC evaluation
in dogs, have been performed in lateral recumbency.?22
In contrast, a standing position has been used in foals.”
Given a greater degree of restraint is often required
to maintain patients in lateral recumbency, which is
no longer recommended in cats, exploring alternative
patient positions, such as standing, is warranted when
performing feline POCUS examinations.?*

To our knowledge measurement of the CVC at the
SV in awake cats and the effect of patient positioning on
sonographic CVC measurements has not been investi-
gated. The aim of this pilot study was to determine if it
is possible to sonographically visualise and measure the
inspiratory and expiratory CVC diameter, and calculate
the CVC-CI at two CVC locations obtained from the SV
of healthy awake cats in standing and lateral recumbency.
The results will be used to determine the optimal posi-
tion for subxiphoid sonographic assessment of the CVC,
which will subsequently allow establishment of Rls from
a much larger study population of cats. We hypothesised

that image acquisition will be possible, that inter-operator
variability will be acceptable, and there will be no statis-
tically significant differences in the CVC measurements
obtained in standing and lateral recumbency.

Materials and methods

Animals

This was a prospective, observational, experimental sin-
gle-centre study. The study protocol was approved by the
Massey University Animal Ethics Committee (Protocol
19/136). Twenty healthy research-purposed cats from the
Centre for Feline Nutrition at Massey University, New
Zealand, were enrolled. Cats were deemed healthy based
on physical examination, complete blood count and bio-
chemistry analysis. Additionally, all cats were screened for
occult cardiomyopathy using the two-minute screening
echocardiogram for cats described by Loughran et al.™!

Devices and operators

The study was performed using the same machine (Xario
200, Model: TUS-X200; Toshiba Care) with a medium fre-
quency (7 MHz) convex transducer (PVU-712BT) with
depth set at 5-7 cm. Without clipping, the fur was parted
and a combination of alcohol and ultrasound gel was
used as the coupling agent. The two operators (opera-
tor 1 [an ECC resident] and operator 2 [a board-certified
ECC specialist]) were extensively trained in abdominal,
pleural space, lung and cardiovascular POCUS. Operator
1 used their right hand, while operator 2 used their left
hand to perform the POCUS exams.

Study protocol
Approximately 10-30 mins before examination each cat
was administered butorphanol (Butorgesic 10mg/ml;
Troy Laboratories) at a dose of 0.3 mg/kg subcutaneously.
Low stress handling, provided by a certified research assis-
tant, was applied to the cats for each POCUS evaluation.
Cats were placed on a table and scanned in right lateral
recumbency and a standing position by both operators.
Operators were blinded to each other’s sonographic
images and measurements. The two operators scanned
each cat in two positions, standing (Stan) and right lat-
eral recumbency (Lat) in a randomised order, for both
operator and position. Scans were completed in succes-
sion, with each operator starting their scan immediately
following completion of the preceding examination by
the other operator. The probe was placed just caudal to
the xiphoid cartilage in longitudinal axis, at roughly a
45-degree angle to the spine and with the marker pointed
cranially. The liver and diaphragm were identified, and
the probe was then gently fanned to the right of midline
until a longitudinal view of the CVC was obtained, visu-
alised as two horizontal parallel lines (walls of the CVC)
crossing the diaphragm (Figure 1). The ultrasound probe
was then slowly fanned through all longitudinal planes
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Figure 1 Still ultrasound image from the subxiphoid view of
a cat in lateral position showing the caudal vena cava (CVC),
recognised as two parallel lines crossing the diaphragm. Two
CVC measurements were made: one at the level the CVC
crosses the diaphragm (CVCB) and the second 2mm caudall
to the level the CVC crosses the diaphragm (CVC2mm)

across the CVC, to identify its luminal centre, subjectively
identified as the largest distance between the two walls of
the CVC. Two to five 10s cine loops were recorded over
several respiratory cycles for post-hoc measurement and
analysis of the CVC.

The narrowest CVC diameter during inspiration
(insp) and widest CVC diameter during expiration (exp)
(Figure 2) were measured post-hoc by each operator at
two anatomical locations along the CVC: at the entry of
the CVC into the abdominal cavity (B = base) and 2mm
caudal to site B (2mm). Images from one respiratory cycle
were used by each operator to obtain all CVC measure-
ments. The choice of which cine loop and respiratory
cycle within a cine loop was left to the discretion of each
operator. The CVC-CI was calculated at each CVC loca-
tion (B and 2mm) for all cats in both lateral and stand-
ing positions (Lat and Stan) using the following formula:
(CVC,,~CV ) /CVC,,, X 100.

Statistical analysis

Statistical analysis was performed using the commer-
cially available software program Prism (Version 8.4.2
for macOS; GraphPad Software). A Shapiro-Wilk test
was used to assess sonographic results for normalcy. A
one-way ANOVA with post-hoc Tukey’s test was used
to compare inspiratory to expiratory values within and
between groups. A paired t-test compared the CVC-CI
between groups. Spearman’s correlation and a Bland-
Altman analysis was used to assess inter-operator vari-
ability. Intra-class correlation coefficient, which ranges
from 0 (no association between the two observers) to 1
(perfect agreement between the two observers), was used

Figure 2 Schematic images of the caudal vena cava

(CVC) during (a) inspiration and during (b) expiration in a
euvolaemic cat. The CVC is identified as the two parallel lines
crossing the diaphragm. Two CVC measurements were made:
one at the level the CVC crosses the diaphragm (CVCB) and
the second 2mm caudal to the level the CVC crosses the
diaphragm (CVC2mm)

to assess the level of agreement of CVC measurement
between the two operators. A P value <0.05 was consid-
ered significant for all statistical calculations.

Results

There were 14 intact females, five intact males and one
neutered male. Median age was 1.4 years (range 0.9-4).
Median weight was 3 kg (range 2.2—4.4). Median num-
bers of cine loops recorded per cat was 2.8 in the lateral
position and 3.4 in the standing position for operator 1,
and 2 and 2.5 recordings, respectively, for operator 2.
Operator 2 failed to scan two cats in standing position
owing to movement of the cats. Therefore, the success
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Table 1 Caudal vena cava (CVC) diameter measurements and collapsibility index (Cl) calculations for each operator

Cl = confidence interval; LatCVC,,, s = CVC diameter during expiration where the CVC crosses the diaphragm with cats placed in lateral
recumbency; LatCVC,,, »mm = CVC diameter during expiration 2mm caudal to where the CVC crosses the diaphragm with cats placed in lateral
recumbency; LatCVCis,.5 = CVC diameter during inspiration where the CVC crosses the diaphragm with cats placed in lateral recumbency;
LatCVCiysp2mm = CVC diameter during inspiration 2mm caudal to where the CVC crosses the diaphragm with cats placed in lateral recumbency;
LatCVC-Clg = CVC-CI where the CVC crosses the diaphragm with cats placed in lateral recumbency; LatCVC-Cl,,,,,, = CVC-Cl 2mm caudal

to where the CVC crosses the diaphragm with cats placed in lateral recumbency; StanCVCe,, s = CVC diameter during expiration where the

CVC crosses the diaphragm with cats in a standing position; StanCVCey;, »mm = CVC diameter during expiration 2mm caudal to where the CVC
crosses the diaphragm with cats in a standing position; StanCVCi.q, s = CVC diameter during inspiration where the CVC crosses the diaphragm
with cats in a standing position; StanCVCi.s, -, = CVC during inspiration 2mm caudal to where the CVC crosses the diaphragm with cats in a

standing position; StanCVC-Clg = CVC-CI where the CVC crosses the diaphragm with cats in a standing position;
StanCVC-Cl,,,,, = CVC-Cl 2mm caudal to where the CVC crosses the diaphragm with cats in a standing position

rate for identifying the CVC in both positions was 100%
for operator 1 and 100% in lateral and 90% in standing for
operator 2. Descriptive statistics are presented in Table 1.

All sonographic data passed normalcy. Regardless of
patient position (lateral or standing), site of CVC diam-
eter measurement (B or 2mm) and operator (operator 1 or
operator 2) there was a statistically significant difference
between the inspiratory and expiratory CVC diameter
(P <0.0001). For each operator, there was no statisti-
cally significant difference between lateral recumbency
or standing position for inspiratory or expiratory CVC
values. Measurement of inspiratory and expiratory CVC

values for each operator with cats in lateral recumbency
and standing position at CVC location B are shown in
Figures 3. Values for each CVC parameter for operators
1 and 2 are presented in Table 1. There was a statistically
significant difference between operator 1 and opera-
tor 2 for all CVC measurements (P <0.0001). Operator
2 obtained smaller CVC measurements than operator
1, although the CVC-CI was larger for operator 2 than
operator 1. Correlation between operators was consid-
ered poor for all CVC parameters in both positions and
locations (Table 2). Inter-operator variability was substan-
tial for both positions and locations (Table 3).
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Figure 3 Box-and-whisker plots of inspiratory and expiratory caudal vena cava (CVC) measurements at the site the CVC
crosses the diaphragm. (a) Operator 1, measurements in lateral recumbency; (b) operator 1, measurements in standing
position; (c) pperator 2, measurements in lateral recumbency; (d) Operator 2, measurements in standing position

Table 2 Caudal vena cava (CVC) correlation coefficients
between operators for cats in lateral and standing
positions

CVCeyp.5 = CVC measurement at expiration where it crosses the
diaphragm; CVC,,, »mm = CVC measurement at expiration 2mm
caudal from where it crosses the diaphragm; CVC;,s,.5 =CVC
measurement at inspiration where it crosses the diaphragm;
CVCis.omm= CVC measurement at inspiration 2 mm caudal from
where it crosses the diaphragm; CVC-Clg = CVC-CI where it crosses
the diaphragm; CVC-Cl,,,,, = CVC-Cl 2mm caudal from where it
crosses the diaphragm

Discussion

This pilot study in 20 cats demonstrated a statistically
significant difference between inspiratory and expiratory
CVC diameter. This suggests that it is possible to visu-
alise and measure the CVC at the SV of healthy lightly
sedated cats, which agrees with previous studies. In
foals the CVC has been sonographically identified and
measured in a standing position,!” while subxiphoid CVC

Table 3 Bland-Altman analysis for inter-operator variability
for caudal vena cava (CVC) parameters

LatCVCg = CVC diameter where it crosses the diaphragm, with cats
placed in lateral recumbency; LatCVC, ., = CVC diameter 2mm
caudal from where it crosses the diaphragm with cats placed in
lateral recumbency; StanCVCg = CVC diameter where it crosses

the diaphragm with cats in a standing position; StanCVC,,,,,=CVC
diameter 2mm caudal from where it crosses the diaphragm with cats
in a standing position

measurements have only been documented in dogs and
cats placed in lateral recumbency.’®?° One of the main
findings of this pilot study is the fact that patient posi-
tion (standing or lateral) has little impact on the CVC
measurement in cats. This may have clinical relevance
considering cats tend to be more reluctant to restraint
than other species, and current trends are to perform vet-
erinary POCUS examinations in the position the patient
is most comfortable, which may be lateral or standing.
Interestingly, studies in people report conflicting results
when comparing IVC diameters measured in supine,
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lateral, upright and prone positions.?>28 Owing to the
anatomical differences, however, a direct inter-species
comparison cannot be made. To our knowledge, no simi-
lar studies on patient position and CVC diameter have
been performed on dogs.

A limited number of studies in cats suggests the CVC
can be measured at the same three locations as reported
in dogs. A study in 15 healthy cats reports CVC diam-
eter measurements obtained from the HV.2! A study in 21
healthy cats anaesthetised for blood donation reported
CVC measurements at the SV, HV and PV.20 The authors
reported 100% success rates at the SV but an inability to
obtain images at three and seven attempts for the HV
and PV, respectively. They concluded that the SV is best
suited for visualisation of the CVC, with the PV also
being reliable. Obtaining images from three views, in two
recumbencies by two operators, exceeded the handling
capabilities of lightly sedated cats. For these reasons, in
this pilot study focusing on positioning, only the SV was
evaluated. Further studies in awake healthy and criti-
cally ill cats with variable volume states are required to
determine if any single CVC view is superior to another
for intravascular volume status and fluid responsiveness
evaluations. Of note, the SV is incorporated in all abdomi-
nal POCUS protocols, while the HV is not, and the PV
focuses on other structures than the CVC. Therefore, it is
likely that practitioners are most comfortable with assess-
ing the CVC at the SV.

The variation in CVC diameter during the respiratory
cycle makes it possible to calculate the CVC-CI. Previous
studies in people and dogs indicate that the CVC-CI can
be used to assess intravascular volume status.?-3! This is
in contrast to a 2021 study in healthy feline blood donors,
which suggests the CVC-CI is not useful in cats and
has considerable variability in measurements between
operators.?’ A study in healthy dogs also showed sig-
nificant inter-operator variability for CVC-CI at the SV.18
Similarly, the present study demonstrated a significant
inter-operator variability for both inspiratory and expira-
tory CVC diameter and for CI, regardless of patient posi-
tion or where CVC values were measured. The CVC-CI
had the highest inter-operator variability, which is likely
a result of the CVC-CI being dependent on a calculation,
which will compound any differences between opera-
tors. Inter-operator variability in the present study may
have been influenced by the relatively small size of the
feline CVC vs other species, as suggested in the above-
mentioned study in cats undergoing blood donation.?
Furthermore to fully assess inter-operator variability in
obtaining the window and measurements, the choice of
cine loop and respiratory cycle within a cine loop was
left to the discretion of the operator. This approach likely
increased the variability noted between operators as there
may have been changes in the CVC diameter during

different respiratory cycles and with regard to when cine
loops were captured. Future research measuring the inter-
operator variability on the same cine loop and respira-
tory cycle, and averaging the measurements from several
respiratory cycles, should help determine the source of
variability between operators. These limitations should
not preclude the use of the CVC-Cl measured at the SV in
cats. The greatest variation of CVC-Cl is expected to occur
in healthy populations, with less variation occurring in
patients with values outside Rls. Therefore, although
variation is substantial in healthy people, foals and dogs,
calculation of the CVC-CI at the SV may still have clini-
cal utility and prognostic relevance when values are at
the extremes of hypovolaemia and hypervolaemia.?
This study had several additional limitations. The CVC
shape may change depending on the manual pressure
applied to the ultrasound probe. However, as operators
applied minimal manual pressure to acquire images, this
is not likely a significant factor. Each operator scanned
cats using their dominant hand to manipulate the probe,
which was the opposite for each operator. Research on
the effects of handedness on sonographic image quality
and measurements is lacking. However, scanning with
the dominant hand is the accepted level of standard. The
small sample size may also have affected results. The two
sites were originally chosen to account for any interfer-
ence from cardiac oscillations that may impact CVC res-
piratory variation and inter-rater variability. However,
descriptive statistical analysis showed no major differ-
ences between sites and no further analysis was made.

This pilot study, like prior feline CVC studies, was per-
formed in small cohorts of healthy cats. Measurements
of CVC parameters in larger populations of sick cats
with varying intravascular volume status are needed to
accurately evaluate the usefulness of the CVC to guide
fluid therapy in cats. Obtaining accurate CVC measure-
ments might be hindered by image resolution because
of the small size of the vessel. However, future research
focusing on the subjective classification of the CVC as
small, normal or enlarged may prove more transferable to
everyday practice. Indeed, a recent study demonstrated
that general practitioners can be successfully trained to
screen asymptomatic cats for occult heart disease using a
‘two-minute screening echocardiogram’ and subjectively
determine whether the heart is normal, equivocal or dis-
eased when compared to an examination from a board-
certified cardiologist.!!

Conclusions

This pilot study indicates that measurements of CVC
diameter are feasible in healthy, lightly sedated cats in
both lateral recumbency and standing positions and that
effects of position and location were minimal. Significant
inter-operator variability was noted.
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