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Abstract

(3 weeks) and adult (8 weeks) 129/Sv mice.

left ventricle (LV) was determined.

of LV is minimal.

disorders in genetically modified mouse mutant lines.

Background: In the recent years, the use of Doppler-echocardiography has become a standard non-invasive
technique in the analysis of cardiac malformations in genetically modified mice. Therefore, normal values have to
be established for the most commonly used inbred strains in whose genetic background those mutations are
generated. Here we provide reference values for transthoracic echocardiography measurements in juvenile

Methods: Echocardiographic measurements were performed using B-mode, M-mode and Doppler-mode in 15
juvenile (3 weeks) and 15 adult (8 weeks) mice, during isoflurane anesthesia. M-mode measurements variability of

Results: Several echocardiographic measurements significantly differ between juvenile and adult mice. Most of
these measurements are related with cardiac dimensions. All B-mode measurements were different between
juveniles and adults (higher in the adults), except for fractional area change (FAC). Ejection fraction (EF) and
fractional shortening (FS), calculated from M-mode parameters, do not differ between juvenile and adult mice.
Stroke volume (SV) and cardiac output (CO) were significantly different between juvenile and adult mice. SV was
31.93 +£867 pl in juveniles vs 70.61 + 24.66 ul in adults, p < 0.001. CO was 12.06 +4.05 ml/min in juveniles vs
29.71£10.13 ml/min in adults, p < 0.001. No difference was found in mitral valve (MV) and tricuspid valve (TV)
related parameters between juvenile and adult mice. It was demonstrated that variability of M-mode measurements

Conclusions: This study suggests that differences in cardiac dimensions, as wells as in pulmonary and aorta
outflow parameters, were found between juvenile and adult mice. However, mitral and tricuspid inflow parameters
seem to be similar between 3 weeks and 8 weeks mice. The reference values established in this study would
contribute as a basis to future studies in post-natal cardiovascular development and diagnosing cardiovascular
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Background

Cardiac ultrasound, also known as echocardiography, is
one of the most commonly used diagnostic techniques
in human cardiology for possible pathology or lesion.
This technique uses high frequency ultrasound waves for
visualizing the heart and can provide information on the
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heart anatomy, blood flow pattern and function of heart
muscle, vessels and valves. Until recently, echocardio-
graphic application in animals was limited primarily to
larger, non-rodent species. Due to advances in ultra-
sound imaging technology, ultrasound systems have now
the spatial and temporal resolution to obtain accurate
and reliable images of mouse hearts [1]. As a result, it
has become a valuable non-invasive imaging tool to
visualize and evaluate cardiac morphology and function
in vivo of mice. It was demonstrated by others that
echocardiography is becoming a useful technique for
studying cardiovascular development and diagnosing
cardiovascular disorders in small animals [2].
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Knowledge of findings in healthy animals is important
for interpretation of results in genetically modified and sur-
gical animals. Most of the available mouse ES cell lines have
been generated using the 129/Sv strain. Therefore, the pur-
pose of this study is to provide reference values for trans-
thoracic echocardiography measurements and calculated
parameters using B-mode, M-mode and Doppler-mode in
juvenile (3 weeks) and adult (8 weeks) 129/Sv mice,
obtained during isoflurane anesthesia.

Methods

Ethics statement

All animal work performed in this study was conducted
compliant with the Portuguese law and approved by
the Consultive Commission of the Veterinary Agency
(Portuguese Ministry of Agriculture), the sole Agency/
Committee in Portugal responsible to issue the ethical
approval for these type of studies, following the EU
guidelines for animal research and welfare.

Animals

30 wild type male 129/Sv mice (Harlan Laboratories)
divided by two groups, 15 juvenile mice (3 weeks) and
15 adult mice (8 weeks), were studied. The mice were
housed in our animal facility in a controlled environ-
ment, at 22°C with artificial 12 hours of light/dark cycle,
standard diet and free access to water were supplied.
The body weight (BW) of each mouse was recorded
prior to cardiac examination.

Echocardiography

Mice were continuously anesthetized by 1.5-2% of
isoflurane inhalant mixed with 1 L/min 100% O, to
maintain a light sedation level throughout the proced-
ure. They were immobilized on a heating platform ven-
tral side up to maintain the body temperature at 37°C +
0.5°C. Heart rate (HR) and respiratory physiology were
continuously monitored by ECG electrodes. Mice chests
were shaved and warmed ultrasound gel was applied to
the area of interest. Transthoracic echocardiography was
performed using a Vevo 2100 system (VisualSonics,
Toronto, Canada) with a 40-MHz transducer. Care was
taken to avoid excessive pressure over the sternum,
which can distort the signal. Images were captured on
cine loops at the time of the study and afterward mea-
surements were done off-line.

Measurements

The heart was first imaged in B-mode in the parasternal
long axis view to examine the left ventricle (LV). The
measurements included LV endocardial and epicardial
length (LVEndoL and LVEpiL, respectively) in diastole
and systole. LV lengths were measured from the aortic
annulus to the apex level. For long axis view in B-mode,
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image depth was 11 mm and image width was 12.08
mm. Moreover, parasternal short axis view was obtained
at the level of papillary muscles to measure LV endocar-
dial and epicardial area (LVEndoA and LVEpiA, respect-
ively) in diastole and systole. These measurements were
obtained by tracing the endocardial and epicardial
border of the LV, where the papillary muscles were
excluded from the endocardial tracings. In order to esti-
mate LV mass (LVM) and LV volume (LVV), the area-
length method was used [3,4]. LVM was normalized to
BW and represented as LVM index (LVMi). Endocardial
area change (EAC) and fractional area change (FAC)
were also calculated. For short axis view in B-mode,
image depth was 10 mm and image width was 9.08 mm.

In order to acquire accurate measurements of cardiac
dimensions, M-mode images were obtained from long
axis and short axis B-mode images by placing the M-
mode sample gate perpendicular to the interventricular
septum (IVS) and LV walls, respectively, at the level of
papillary muscles. M-mode sample gate depth, length
and angle for long axis view were 8—11 mm, 4.6-7.6 mm
and 0 dg, respectively. For short axis view, M-mode
sample gate depth, length and angle were 8-10 mm,
4.6-7.6 mm and 0 dg, respectively. M-mode from long
axis view was performed to measure IVS thickness,
while M-mode from short axis view was performed to
measure thickness of LV anterior wall (LVAW), LV pos-
terior wall (LVPW) and LV internal diameter (LVID). All
M-mode measurements were performed in end-diastole
(-d) and end-systole (-s) according to the leading-edge
method of the American Society of Echocardiography
[5]. End-diastolic and end-systolic measurements were
obtained at the time of maximal internal chamber di-
mensions and at the minimal internal chamber dimen-
sions, respectively [6]. The LV structural parameters
measured from short axis view in M-mode were used in
the calculation of LV ejection fraction (EF) and LV frac-
tional shortening (FS). M-mode from right parasternal
long axis view was performed to evaluate the right ven-
tricle internal diameter (RVID) and thickness of right
ventricle anterior wall (RVAW). M-mode sample gate
depth, length and angle for the right ventricle (RV) view
were 7-9 mm, 2.6-4.6 mm and 0 dg, respectively.

Blood flow was assessed using PW Doppler-mode, by
positioning the Doppler sample volume parallel to flow
direction, which was assisted by Color Doppler-mode.
From a modified short axis view of the pulmonary valve
(PV) we measured pulmonary artery diameter (PAD)
and PV peak velocity (PVPV). PV peak pressure gradient
(PVPPG) was calculated. For pulmonary artery view in
B-mode, image depth was 10-11 mm and image width
was 9.08 mm. For Doppler mode of pulmonary artery
view, Doppler sample volume depth, size and angle were
5-8 mm, 0.22 mm and 5-30 dg, respectively. Ascending
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aorta valve (AoV) flow was obtained from a suprasternal
view to measure AoV peak velocity (AoVPV). The aortic
arch view was performed to measure the ascending aorta
diameter (AoD) and the descending aorta peak velocity
(DAOPV). AoV peak pressure gradient (AoVPPG) was
calculated. All arterial diameters were measured in sys-
tole, at the time of maximal artery diameter. For aorta
view in B-mode, image depth was 8—-12 mm and image
width was 6—11 mm. Doppler sample volume depth, size
and angle for ascending aorta were 6—10 mm, 0.27 mm
and 20-55 dg, respectively. For descending aorta, Dop-
pler sample volume depth, size and angle were 6-9 mm,
0.27 mm and 5-30 dg, respectively. Stroke volume (SV)
and cardiac output (CO) were calculated using aortic
outflow as previously described by others [7]. CO was
normalized to BW and represented as CO index
(COi). HR was determined from spectral Doppler
tracings of the pulmonary artery and ascending aorta
flow.

Mitral valve (MV) and tricuspid valve (TV) inflow
were assessed from the apical 4 chamber view. The MV
measurements performed were the following: MV early
wave peak (MVE), MV atrial wave peak (MVA), no flow
time (NFT), aortic ejection time (AET), isovolumic
relaxation time (IVRT), isovolumic contraction time
(IVCT) and MV ejection time (MVET). The MV peak
pressure gradient (MVPPG), LV myocardial performance
index (LVMPI) and MVE/A ratio were calculated. For
mitral valve view, Doppler sample volume depth, size
and angle were 7-11 mm, 022 mm and 5-30 dg,
respectively. TV measurements included TV early wave
peak (TVE) and TV atrial wave peak (TVA). The TV
peak pressure gradient (TVPPG) and TVE/A ratio were
calculated. For tricuspid valve view, Doppler sample
volume depth, size and angle were 6—-12 mm, 0.29 mm
and 5-50 dg, respectively.

All measurements were performed excluding the respir-
ation peaks and obtained in triplicate; the mean or median
value was used for data analysis. All calculated parameters
were automatically computed by the Vevo 2100 standard
measurement package. The equations used by the system
are shown in detail (see Additional file 1).

Intra- and inter-observer variability

The variability of LV M-mode measurements was
determined. For intra-observer variability, one examiner
analyzed all animals twice, in different occasions. For
inter-observer variability, all animals were re-analyzed
by a blinded examiner. The percentage of error and the
observer variation were calculated. The percentage of
error is the difference between two observations divided
by the mean and expressed as percentages, while the
observer variation is the difference between the two
measurements.
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Statistical analysis

Statistical analysis was performed using SPSS software
(Version 20). Shapiro-Wilk test was used to assess normal-
ity of data. The following parameters were not normally
distributed: AoVPV, DAoPV, AoVPPG and RVIDs from ju-
venile data and LVEndoAs, LVEndoLd and LVEpiLd from
adult data. Data are presented as mean + standard devi-
ation or median with interquartile range (IQR), whenever
appropriate. To compare results between the two groups,
juvenile and adult mice, Student’s unpaired t-test was used
for the normally distributed data, while Mann—Whitney
U test was used for not normally distributed data. Paired
t-test was used for within group comparison. Bland-
Altman analysis was performed to assess agreement
between measurements of intra- and inter-observer mea-
surements variability; in addition Pearson’s correlation was
used. For BW and HR association with all the measured
parameters, Pearson’s correlation or Spearman’s correla-
tion were used depending if data followed a linear model
and if it was normally distributed or not, respectively. A
p-value < 0.05 was considered significant.

Results

Satisfactory images could be captured in all animals. Car-
diac examination time was around 30 min, in all animals.
All echocardiographic measurements performed in juven-
ile and adult mice were summarized (Tables 1, 2 and 3).

Table 1 Echocardiographic measurements from B-mode
images

Measurement Juvenile n Adult n p
LVEndoLd (mm) 6.18 (0.57) 15 740 (0.58) 15 <0001
LVEndolLs (mm) 499+0.38 15 658+045 15 <0001
LVEpiLd (mm) 6.38 (0.56) 15 7.65 (0.67) 15 <0001
LVEpiLs (mm) 535+034 15 703+£044 15 <0001
LVEndoAd (mm?) 6.06+0.87 15 9.87+1.20 15 <0001
LVEndoAs (mm?) 3.06 (0.98) 15 4.25(1.12) 15 <0001
LVEpiAd (mm?) 11.85+1.73 15 1947 +1.71 15 <0001
LVEpiAs (mm?) 884+ 183 15 1446157 15 <0001
EAC (mm?) 3224081 15 562+116 15 <0001
FAC (%) 5289+1007 15 5687780 15 ns
LwWd (ul) 29.57 £6.04 15 5990+£878 15 <0001
LWs (ul) 11.85+3.19 15 2332+531 15 <0001
LVM (mg) 3968+864 15 8190+969 15 <0001
LVMi (mg/q) 526+127 15 416042 15 0.005
AoD (mm) 0.93+0.09 15 127+0.13 15 <0001
PAD (mm) 1.34+0.11 15 1.59+0.13 15 <0001

Values are mean + SD or median (IQR), as appropriate. p = statistical
significance; ns = not significant. n = 15 for all measurements.

LVEndoL = Left ventricle endocardial length. LVEpiL = Left ventricle epicardial
length. LVEndoA = Left ventricle endocardial area. LVEpiA = Left ventricle
epicardial area. EAC = Endocardial area change. FAC = Fractional area change.
LWV = Left ventricle volume. LVM = Left ventricle mass. LVMi =LVM index. AoD
= Ascending aorta diameter. PAD = Pulmonary artery diameter. -d = In diastole.
-s =In systole.
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Table 2 Echocardiographic measurements from M-mode
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Table 3 Echocardiographic measurements from Doppler

images images
Measurement Juvenile n Adult n p Measurement Juvenile n Adult n P
LVAWd (mm) 061+0.09 15 0.74+0.14 15 0.005 AoVPV (mm/s) 1055.28 (327.21) 15 155767 (693.61) 15 0.003
LVAWS (mm) 0.85+0.13 15 1.08+0.18 15 < 0.001 AET (ms) 50.37 £4.56 15 4959 +£4.50 15 ns
LVIDd (mm) 2.84+0.20 15 356+0.19 15 < 0.001 AoVPPG (mmHg) 445 (3.13) 15 9.76 (9.46) 15 0.003
LVIDs (mm) 1.96+0.21 15 244 +0.28 15 < 0.001 DAoPV (mm/s) 74759 (162.89) 15 1049.88 (321.15) 15 0.002
LVPWd (mm) 059+0.15 15 0.64+0.13 15 ns SV () 31.93+867 15 7061+£2466 15 <0001
LVPWs (mm) 0.81+0.17 15 0.88+0.19 15 ns CO (ml/min) 12.06 +4.05 15 2971+10.13 15 < 0.001
EF (%) 59.63 £ 9.05 15 5991+8.15 15 ns COi (ml/min.g) 1.54+0.36 15 148 +£0.39 15 ns
FS (%) 30.76 £6.15 15 3145+563 15 ns PVPV (mm/s) 663.34+141.08 15 81062+£14955 15 001
IVSd (mm) 041+0.08 15 047 £0.15 15 ns PVPPG (mmHg) 1.83£0.77 15 2.71£0.96 15 001
IVSs (mm) 050+0.13 15 0.62£0.25 15 ns MVE (mm/s) 67353+14931 15 74708+9231 15 ns
RVIDd (mm) 1.08 £ 0.15 7 142+0.19 Il 0.001 MVA (mm/s) 45651+£7329 15 50017+8514 15 ns
RVIDs (mm) 0.65 (0.31) 7 0.89 (0.21) 11 ns IVCT (ms) 1090 +2.76 15 1291 £345 15 ns
RVAWd (mm) 050£0.11 7 0.32+0.08 " 0.001 IVRT (ms) 1652 +3.29 15 1248 249 15 0.001
RVAWSs (mm) 0.66+0.16 7 057+0.13 " ns MVET (ms) 61.05+9.74 15 5924+ 834 15 ns
Values are mean + SD or median (IQR), as appropriate. p = statistical NFT (ms) 7745+ 566 15 7566+ 7.57 15 ns
significance. ns = not significant. n =15 for all measurements, except for RV
measurements (n =7 for the juveniles and n=11 for the adults). MVPPG (mmHg) 1.98+0.76 15 230+052 15 ns
LVAW = Left ventricle anterior wall. LVID = Left ventricle internal diameter. MVE/A 150+0.37 15 153+027 15 ns
LVPW = Left ventricle posterior wall. EF = Ejection fraction. FS = Fractional
shortening. IVS = Interventricular septum. RVID = Right ventricle internal LVMPI 055+0.14 15 0.51x007 15 ns
diameter. RVAW = Right ventricle anterior wall. -d = In diastole. -s = In systole. TVE (mmy/s) 2417243057 12 25283 +7742 6 ns
TVA (mm/s) 40090+4796 12 38653+12306 6 ns
The RV could only be assessed in 7 juvenile and in 11 TVPPG (mmHg) 074+021 12 068+039 6  ns
adult mice. The TV inflow could only be assessed in 12 Tve/a 0.60 + 0.06 12 066 +0.13 6 ns

juvenile and in 6 adult mice.

BW was significantly lower in the juvenile (7.68 + 1.33 g)
as compared to adult mice (19.84 +2.84 g; p<0.001). In
the same way, HR was significantly lower in the juvenile
(387.34 £ 44.12 bpm) as compared to adult mice (421.82 +
25.34 bpm; p = 0.015).

Table 1 summarizes B-mode echocardiographic mea-
surements. This table shows that all parameters have
higher values in the adult mice than juvenile, except for
FAC and LVMi. Table 2 summarizes M-mode echocar-
diographic measurements. This table shows that EF and
ES are considered the same in the two groups. Represen-
tative images and measurements of echocardiographic
B-mode and M-mode are shown in Figure 1. Table 3
summarizes Doppler echocardiographic measurements.
SV and CO were lower in the juvenile as compared to
adult mice. No significant difference was found in MV
and TV related data between juvenile and adult mice,
except for IVRT. Representative images of echocardio-
graphic PW Doppler-mode are shown in Figure 2. The
most important values of Tables 1, 2 and 3 are also sum-
marized in Figure 3.

We also found that some of the structural parameters an-
alyzed, such as AoD, LVEpiLs and LVEndoLd, had a strong
positive correlation with BW, both in juvenile and adult
mice (see Additional file 2 and Additional file 3). Both
CO and SV correlated strongly with BW in juveniles and

Values are mean + SD or median (IQR), as appropriate. p = statistical
significance. ns = not significant. n =15 for all measurements, except for TV
measurements (n =12 for the juveniles and n =6 for the adults).

AoVPV = Ascending aorta valve peak velocity. AET = Aortic ejection time.
AoVPPG = Ascending aorta valve peak pressure gradient. DAoPV = Descending
aorta peak velocity. SV = Stroke volume. CO = Cardiac output. COi = CO index.
PVPV = Pulmonary valve peak velocity. PVPPG = Pulmonary valve peak pressure
gradient. MVE = Mitral valve early wave peak. MVA = Mitral valve atrial wave
peak. IVCT = Isovolumic contraction time. IVRT = Isovolumic relaxation time.
MVET = Mitral valve ejection time. NFT = No Flow Time. MVPPG = Mitral valve
peak pressure gradient. LVMPI = Left ventricle myocardial performance index.
TVE =Tricuspid valve early wave peak. TVA = Tricuspid valve atrial wave peak.
TVPPG =Tricuspid valve peak pressure gradient.

adults (» <0.01). In 3 weeks mice, NFT had a moderately
strong negative correlation with HR (p<0.01) (see
Additional file 2). In 8 weeks mice, also NFT and AET had
a strong negative correlation with HR (p<0.01) (see
Additional file 3).

Table 4 summarizes intra- and inter-observer variabil-
ity of LV M-mode measurements. No significant differ-
ences between measurements were found, except for
intra-observer measurement of LVPWd from adult mice
(p<0.05 by paired t-test). However, Bland-Altman ana-
lysis showed a good agreement of both measurements
(Figure 4), linear regression LVPWd (intra_Obs.1) =
0.885 x LVPW(d (intra_Obs.2) + 0.107, r* = 0.89, Pearson’s
correlation 0.94, p < 0.01. The agreement between intra-
and inter-observer measurements was considered high,
as illustrated in Bland-Altman analysis (Table 5).
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Figure 1 Representative B-mode and M-mode echocardiographic images and measurements. (A) Parasternal long axis view of left ventricle
(LV) in B-mode. (B) Aortic arch view in B-mode. (C) Short axis view in 2D (left panel) and M-mode tracing (right panel) of the LV, at the level of papillary
muscle. (D) Right parasternal long axis view in 2D (left panel) and M-mode tracing (right panel) of the righ ventricle (RV). LVEndoL = Left ventricle
endocardial length. AoD = Ascending aorta diameter. LVAW = Left ventricle anterior wall. LVID = Left ventricle internal diameter. LVPW = Left ventricle
posterior wall. RVAW = Right ventricle anterior wall. RVID = Right ventricle internal diameter; -d = In diastole. -s = In systole.

Discussion

In order to understand and analyze studies that use trans-
genic animals or animals that undergo surgical procedures,
the cardiac characterization of normal/wild type and
healthy animals is considered extremely important. To our
best knowledge, echocardiographic evaluation of reference
values of B-mode, M-mode and Doppler-mode in juvenile
(3 weeks) and adult (8 weeks) 129/Sv wild-type mice has
not been reported. In the present study, cardiac dimen-
sions were significantly different between juvenile and
adult mice, as expected. Diastolic function does not differ
between juvenile and adult mice. Additionally, we demon-
strate that the variability of LV measurements in M-mode
is minimal, indicating that this method is reliable.

Body weight and heart rate
The BW was significantly lower in the juvenile than in
the adult mice, as expected. Similar results were

observed in other mice strains, as C57BL/6 and CD1
mice [6,8,10]. Nevertheless, BW of 3 weeks 129/Sv mice
was lower than 3 weeks C57BL/6 mice (7.68g vs 10.2g)
[10] and 8 weeks 129/Sv mice were lower than 8 weeks
CD1 mice (19.84g vs 32.4g) [6], showing the influence of
mouse backgrounds in body weight. In addition, HR was
significantly lower in the younger animals, despite the
similar isoflurane concentration used for both groups,
which is inconsistent with some studies [6,8,11]. One
study shows that HR in C57BL6 mice is constant
between 1 month and 2 months mice and decreases be-
tween 2 months and 16 months [8], while other studies
show that HR in C57BL6 conscious mice and CD1 mice
decreases with age [6,11]. We found one study in
accordance with our result, where HR was higher in
old vs young C57BL/6 mice [10]. The higher HR ob-
served in the adult mice might be explained possibly
due to a higher thoracic compression in the adult
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valve (TV) inflow.

Figure 2 Representative Doppler echocardiographic images. (A) Suprasternal view (left panel) and PW Doppler tracing (right panel) of aortic
outflow. (B) Modified short axis view (left panel) and PW-Doppler tracing (right panel) of pulmonary outflow. (C) Apical 4 chamber view (left panel) and
PW-Doppler tracing (right panel) of mitral valve (MV) inflow. (D) Apical 4 chamber view (left panel) and PW-Doppler tracing (right panel) of tricuspide
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animals during echocardiography, to allow a better
access to the heart.

Cardiac dimensions parameters
We observed a significant difference in LV lengths and
LV areas in 3 weeks mice vs 8 weeks mice, which could
be explained by the significantly higher BW of adult
mice, due to the continuous increase of the heart and
body weight between these ages.

A higher value of EAC was observed in the adult mice,
but we couldn’t find any data to correlate with our

result. While FAC, a parameter that represents LV sys-
tolic function, does not differ between juvenile and
adult. According to previous studies in C57BL6 mice,
FAC does not differ between these ages, which correlate
with our result. However the value found is lower than
in our study, around 46% [8]. Together, these results
reinforce the influence of mice background on cardiac
parameters.

As expected, LVV and LVM were different between 3
weeks mice and 8 weeks mice, since the animals are still
in growth. However, when LVM was normalized to BW
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(LVMi), we noticed that LVMi was higher in the juve-
niles due to the higher BW of the adult mice. These
results are consistent with the literature found for other
strains [6,12].

We observed no significant difference in thickness of
IVS and LVPW between juvenile and adult mice. A simi-
lar result was obtained in a previous study with other
mice strain between 6 and 12 weeks old [9]. LVAW
thickness and LVID were significantly different in the
two groups. The literature found for these parameters
showed a tendency toward an increase of LVAW [6] and
LVID [8,9] with age, although no statistical significance
was reached.

Our data suggests that EF and FS, parameters of
systolic function, does not differ between 3 weeks and 8
weeks mice, which match with previous results found
for other mice strains [6,8,9]. The values found for EF in

other studies with anesthetized animals were around 53
— 55% for 129/Sv mice [13] and around 60 — 63% for
CD1 mice [6]. EF in conscious animals was around 65%
for C57BL6 mice [14] and 84 % for 129/Sv mice [13]. The
values found for FS in other studies with anesthetized ani-
mals were around 37 — 40% for CD1 mice [6], around
33 — 35% for 129/Sv mice [13] and around 35% for
C57BL6 mice [8]. In another study, a FS value of 45% was
observed for 6-8 months C57BL6 mice [15]. FS in
conscious animals were around 51% for 129/Sv mice [13].

Outflow-related parameters

Concerning the aorta and pulmonary artery, their
respective diameters, peak velocities and peak pressures
were different between juvenile and adult mice. The
higher arterial diameters in the adults, due to higher
body surface in older animals, go along with the
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Table 4 Variability of LV M-mode measurements
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Juvenile

Intra-Observer

Inter-Observer

Error (%) Observer variation (mm) Error (%) Observer variation (mm)
LVAWd 1.08 + 6.66 —0.01+0.04 305+11.36 0.02+0.06
LVAWs 374+5.11 —0.03+0.04 488+ 1202 004+0.10
LVIDd 1.07+£330 0.03+0.10 032+6.29 001+£0.18
LVIDs 311+7.32 0.06+0.16 1.11+1440 0.02+0.29
LVPWd 178+ 7.11 -0.01+0.04 13.82+2787 007+£0.14
LVPWs 0.78+9.52 0.00 +0.08 9.15+30.98 0.06+0.20
IVSd 496+ 11.52 0.02+0.04 8.83+24.40 005+0.11
IVSs 240+ 1361 0.00 £ 0.07 207+ 2371 002+0.13
Adult Error (%) Observer Variation (mm) Error (%) Observer Variation (mm)
LVAWd 418+830 -0.03+0.07 324+1283 0.03+0.10
LVAWSs 240+ 869 -0.02+0.10 1.70+£9.05 002+0.10
LVIDd 149+352 005+0.12 -043+277 -0.02+0.10
LVIDs 1.13+£556 003+£0.14 057+544 001+£0.15
LVPWd 568+7.16* —-0.03 +0.04* —5.64+20.58 -005+0.19
LVPWs 210+629 —0.01+0.05 —8.86+21.86 -0.10+0.24
IVSd 2734855 —0.01+0.04 —2.88+21.07 —0.01+0.09
IVSs 2.04+1062 0.00 £ 0.06 -0.84+ 1854 0.01+£0.10

Values are mean + SD. p = statistical significance. All p > 0.05, except * p =0.01.
LVAW = Left ventricle anterior wall. LVID = Left ventricle internal diameter. LVPW = Left ventricle posterior wall. IVS = Interventricular septum. -d = In diastole.

-s =In systole.

literature found [8]. AET was the only arterial-related
parameter that did not show a significant difference
between the two groups.

SV and CO, calculated by the aortic outflow method,
were significantly higher in 8 weeks mice. On the other

hand, COi was considered the same in the two groups
due to BW normalization of CO resulted from higher
BW in the adult mice compared to lower BW in the ju-
venile mice. Parameters that are constant when indexed
to BW indicate that these values are related to body size.

Bland-Altman Plot of intra-observer measurements of LVPWd in adult mice
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Figure 4 Bland-Altman correlation of intra-observer measurements of LVPWd in adult mice. LVPWd = Left ventricle posterior wall in
diastole. Obs.1 = Measurement 1 of observer 1. Obs. 2 = Measurement 2 of observer 1.




Vinhas et al. Cardiovascular Ultrasound 2013, 11:12
http://www.cardiovascularultrasound.com/content/11/1/12

Table 5 Agreement between measurements of intra- and inter-observer variability
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Intra-Observer

Inter-Observer

Juvenile  Mean difference£SD  Limits of agreement r p* Mean difference+=SD  Limits of agreement r p*
LVAWd -0.01+0.04 -0.09 to 0.08 091 <001  002+006 -0.11t0 0.14 082 <001
LVAWs -0.03+0.04 -0.12 t0 0.06 094 <001  004+0.10 —-0.16 to 0.24 072 <001
LVIDd 0.03£0.10 -0.17t0 0.23 0.89 <0.01 0.01+0.18 -0.36 t0 0.38 0.64 <0.05
LVIDs 0.06 £0.16 -0.25t0 0.38 0.77 <0.01 0.02+0.29 —-0.55 to 0.60 0.20 ns
LVPWd -0.01+£0.04 —-0.08 to 0.07 0.97 <0.01 0.07+0.14 -0.21t0 0.36 0.50 ns
LVPWs 0.00+0.08 -0.16 t0 0.15 089 <001 006+0.20 —-0.34 to 046 042 ns
Ivsd 0.02+0.04 —-0.07 to 0.11 083 <001  005+0.11 -0.17 t0 0.26 039 ns
IVSs 0.00£0.07 -0.13t0 0.14 091 <0.01 0.02+0.13 -0.24 t0 0.27 0.57 <0.05
Adult Mean difference = SD  Limits of agreement r p* Mean difference+ SD  Limits of agreement r p*
LVAWd -0.03+£0.07 —-0.17 t0 0.10 0.90 <0.01 0.03+0.10 -0.18 t0 0.23 0.70 <0.01
LVAWs -0.02+0.10 -022t0 0.17 084 <001 002+0.10 -0.19t0 0.23 082 <001
LVIDd 0.05+0.12 -0.18 t0 0.28 0.87 <0.01 -002+0.10 -0221t00.18 091 <0.01
LVIDs 0.03£0.14 —-0.24 t0 0.30 0.89 <0.01 0.01+0.15 -0.29 to 0.30 091 <0.01
LVPWd -0.03+0.04 -0.12 to 0.05 0.94 <0.01 -005+0.19 -042 t0 032 047 ns
LVPWs —-0.01+0.05 -0.12t0 0.10 096 <001 —-0.10+024 —-0.57 t0 0.38 049 ns
Ivsd -0.01+0.04 -0.08 to 0.06 097 <001  -001£009 -0.18 t0 0.17 083 <001
IVSs 0.00 £ 0.06 -0.11t0 0.1 0.98 <0.01 0.01+0.10 -0.18 to 0.21 0.93 <0.01

r="Pearson’s coefficient. *p-value for correlation coefficient.

LVAW = Left ventricle anterior wall. LVID = Left ventricle internal diameter. LVPW = Left ventricle posterior wall. IVS = Interventricular septum. -d = In diastole.

-s =In systole.

Our CO result is inconsistent with the data found for
other strain [6], which shows no difference between dif-
ferent ages. This could be explained by the older ages
tested in the referred study (between 8 and 52 weeks).
The values found in other studies for CO were around
18 — 20 ml/min for 129/Sv mice [13] and 16 — 17 ml/min
for CD1 mice [6].

Inflow-related parameters

We did not find any significant difference in MV and
TV inflow parameters between the two groups, except
for IVRT that was significantly lower in the 8 weeks
mice. E wave and A wave are diastolic parameters that
depend mainly on myocardial relaxation, LV geometry
and loading conditions. Therefore during maturation of
the LV, from juvenile to adult, these parameters evolve
in parallel, keeping the resulting E and A wave constant.
IVRT is dependent of LV relaxation, loading conditions
and HR. Bearing in mind the constant values of A and E
wave, IVRT changes could be dependent on intrinsic
myocardial relaxation. A similar result was obtained for
MVE [6,8], MVA [6], MVPPG [6], IVRT [8] and MVE/A
[6,8] for other mice strains in previous studies.

Limitations

One limitation of this study is the influence of anesthetic
agent as depressor of cardiovascular function. However
the use of anesthesia during echocardiography is crucial
to facilitate data acquisition, by providing sedation and

immobility of animals, avoiding the animal stress during
the procedure. We used the isoflurane, since it’'s one of
the most common inhalant anesthetics, and has many
advantages when compared with other anesthetics. It
produces minimal cardiac depression and has higher
molecular stability [16]. Also, isoflurane was considered
the most reproducible anesthetic in repeat studies at 12
days [17].

It would have been advantageous to consider more
than two time points, in order to analyze data during
the entire life span of these animals.

Also, it would be interesting to analyze, in the future,
global and regional strain data for deformations refer-
ence values.

Conclusions

Since mice are a common model system for studying
cardiac development and disease, cardiac characterization
of normal/wild type and healthy animals is considered ex-
tremely important for interpretation of results in trans-
genic and surgical animals. And so, this study defines
reference echocardiographic measurements and calculated
parameters for juvenile (3 weeks) and adult (8 weeks)
129/Sv wild type mice.

The work presented here suggests a significant differ-
ence of almost all cardiac dimensions as well as outflow-
related parameters (pulmonary and aorta flow) of 3
weeks vs 8 weeks 129/Sv wild type mice. Interestingly,
inflow-related parameters (mitral and tricuspid flow) do
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not differ between weeks 3 and 8. In addition, when
comparing with the literature, we can detect some differ-
ences in the parameters studied, suggesting the great
influence of genetic background of each mice strain on
the results obtained.

The reference values reported in this study could con-
tribute as a basis to further comparative results between
strains and to future studies in cardiovascular postnatal
development and diagnosing cardiovascular disorders
using murine models in the 129Sv genetic background.
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