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Abstract
Background—Mast cells are increased in isolated mitral regurgitation (MR) in the dog and may
mediate extracellular matrix (ECM) loss and left ventricular (LV) dilatation. We tested the
hypothesis that mast cell stabilization would attenuate LV remodeling and improve function in the
MR dog.
Methods—MR was induced in adult dogs randomized to no treatment (MR, n = 9) or to mast cell
stabilizer, ketotifen (MR+MCS, n = 6) for four months. LV hemodynamics was obtained after four
months of MR and magnetic resonance imaging (MRI) was performed at sacrifice.
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Results—MRI-derived serial short axis LV end-diastolic (ED) and end-systolic (ES) volumes,
LVED volume/mass ratio, and LV three-dimensional radius/wall thickness were increased in MR
and MR+MCS dogs compared to normal dogs (n = 6) (P < 0.05). Interstitial collagen was
decreased by 30% in both MR and MR+MCS vs. normal dogs (P < 0.05). LV contractility by LV
maximum time-varying elastance was significantly depressed in MR and MR + MCS dogs.
Furthermore, cardiomyocyte fractional shortening was decreased in MR vs. normal dogs and
further depressed in MR+MCS dogs (P < 0.05). In vitro administration of ketotifen to normal
cardiomyocytes also significantly decreased fractional shortening and calcium transients.
Conclusions—Chronic mast cell stabilization did not attenuate eccentric LV remodeling or
collagen loss in MR. However, MCS therapy had a detrimental effect on LV function due a direct
negative inotropic effect on cardiomyocyte function.
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Isolated mitral regurgitation (MR) is characterized by left ventricular (LV) dilation and
augmented stroke volume because ejection is facilitated by regurgitation into the low
pressure left atrium.1 Isolated MR in the dog produces LV dilation and wall thinning,
cardiomyocyte elongation, and a decrease in interstitial collagen which is also associated
with an increase in mast cells.2–4 We have shown that in the volume overload of aortocaval
fistula (ACF) in the rat, interstitial collagen loss and LV dilatation precede cardiomyocyte
elongation, suggesting that collagen breakdown is the first step in the pathophysiology of
LV dilatation in response to a pure volume overload.5
LV mast cell density increases as early as two weeks and persists for four to six months in
isolated MR in the dog4 and the ACF rat.6 Mast cell degranulation causes the release of
proteolytic enzymes tryptase and chymase. We have previously shown that mast cell
chymase activity is increased in the chronic MR dog,2 and chymase has been shown to
activate matrix metalloproteinases (MMPs).7,8 Thus, it has been suggested that mast cell
degranulation mediates collagen degradation and adverse LV and cardiomyocyte remodeling
and function in isolated MR.
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Mast cell stabilizers (MCS) are commonly used in the treatment of allergic conditions. They
stabilize the mast cell through blockade of calcium channels, which prevents degranulation
and the release of histamine and other proteolytic enzymes.9 Treatment with a MCS in the
ACF rat prevents cardiac mast cell infiltration and degranulation, and attenuates MMP
activity and LV dilatation.10 Taken together, these results suggest that MCS improves LV
remodeling through the preservation of extracellular matrix (ECM). Many other animal
studies have implicated mast cells in the pathophysiology of vascular and cardiac
remodeling.6,10–14 However, it is well appreciated that mast cell contents differ between
species. For example, the mouse and rat have multiple isoforms of β chymase, whereas the
dog and human possess only the α isoform.14 Thus, the dog model of MR may be more
clinically relevant in studying the presumed deleterious effects of mast cells in heart disease.
In the current study of experimentally induced MR in the dog, we report the effects of the
prophylactic anti-asthma drug, ketotifen, which has been shown to possess potent mast cell
stabilizing effects in dogs.15,16 Ketotifen is a histamine H1 receptor and calcium entry
antagonist that inhibits the release of leukotrienes and improves β-adrenoreceptor
sensitivity.9 Here we show that MCS does not attenuate eccentric LV remodeling nor does it
preserve interstitial collagen after four months of MR in the dog. Further, the calcium entry
antagonistic effects of ketotifen further decreases cardiomyocyte function and LV function
in dogs with isolated MR.
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METHODS
Experimental Preparation and Protocol
Mitral valve regurgitation was induced in 15 conditioned adult mongrel dogs of either sex
(19–26 kg) by chordal rupture using a fluoroscopic guided catheterization method as
previously described in our laboratory.2–4 Dogs with MR were randomized to: (1) untreated
(MR, n = 9; male = 5; female = 4) and (2) MCS (MR+MCS, ketotifen, 3mg/kg PO, twice
daily; n = 6; male = 5; female = 1). This chronically administered dose is comparable to that
used to prevent mast cell degranulation in dogs.15,16 Treatment was started 24 hours after
MR induction. Only 5 of 9 untreated MR dogs (male = 3; female = 2) and 4 of 6 MR dogs
treated with MCS (male = 3; female = 1) survived to four months. Normal dogs (n = 6, male
= 3; female = 3) were obtained for MRI, morphometry and cell studies.
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Prior to induction of MR, each dog underwent isofluorane anesthesia and hemodynamics
were recorded from right heart catheterization through a left internal jugular vein cutdown.
In addition, a high-fidelity catheter-tip manometer (Millar, Houston, TX) was inserted into
the LV through an 8Fr sheath in the left carotid artery. Hemodynamic studies were repeated
at Auburn College of Veterinary Medicine after approximately four months and animals
were subsequently transported to University of Alabama at Birmingham (UAB) for terminal
studies. At UAB MRI was performed prior to sacrifice on a 1.5 Tesla GE Signa Horizon
(Milwaukee, WI) instrument optimized for cardiac application. The animals were allowed to
recover and were sacrificed within five days. Prior to sacrifice, LV pressure volume
relations were obtained with the impedance catheter in the closed chest anesthetized state.
This study was approved by the Animal Services Committees at both institutions.
Magnetic resonance imaging at UAB and analysis
Left ventricular endocardial and epicardial contours were manually traced on the LV enddiastolic (ED) and end-systolic (ES) images, excluding papillary muscles. LVED and LVES
volumes (V) were determined by summating serial short axis slices as previously described
in our laboratory.2–3
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The contour data were then transformed to a coordinate system aligned along the long-axis
of the LV and converted to a prolate spheroidal coordinate system as described previously.18
The prolate spheroidal coordinate system has one radial coordinate (λ) and two angular
coordinates (μ,θ). Prolate spheroidal coordinates were used because surfaces of constant λ
are ellipsoids, which more closely approximate the shape of the LV wall than cylinders or
spheres. Cubic B-spline surfaces, λendo(μ,θ) and λepi(μ,θ), were fit to the λ coordinates of the
endocardial and epicardial contours for each time frame. Each surface used 12 control points
in the circumferential (θ) direction and 10 control points in the longitudinal direction (μ).
The control points of each surface were computed to minimize the following error function

where γ is a weight set to 0.1. The first term in the error function is the squared difference
between the contour points, λk, and the corresponding surface points λ(μk,θk). The second
term is a smoothing function, which penalizes the bending energy of the surface
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where Ω is the domain of the surface. Surface curvatures were computed using standard
formulas19 at the wall segments as previously defined (excluding the apex).20 Threedimensional (3-D) wall thickness was computed at the same segments by measuring the 3-D
distance from a point on the epicardial surface to the closest point on the endocardial surface
along a line perpendicular to the epicardial surface. Radius of curvature to wall thickness
ratio (R/T) was computed by the reciprocal of the product of the endocardial circumferential
curvature (κ) and 3-D wall thickness (T).
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Sacrifice Instrumentation at UAB
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Animals were maintained at a deep plane of general anesthesia using 1–2% isofluorane in
100% oxygen. LV pressure volume relations were determined using a pressure/volume
impedance catheter equipped with full-bridge silicone microchip transducers (12 electrodes,
8 mm spacing, CD Leycom, Zoetemeer, The Netherlands). The simultaneous measurement
of LV pressure and volume from the impedance catheter were collected in a baseline state
and during transient inferior vena cava occlusion via balloon catheter. Thus LV preload was
altered to obtain isochronal points from the recorded LV pressure-volume loops at multiple
loads and used to compute LV Emax, an index of LV contractility defined as maximal LV
elastance.21,22 These data were generated using a commercially available software package
(PVAN, version 3.0, Millar, Houston, Texas). Prior to inferior vena cava balloon occlusion,
LV volumes were calibrated to an LV volume estimate obtained from a single plane right
anterior oblique LV ventriculogram using a nonionic contrast agent (Loxilan, Guerbet). To
normalize for heart size, LV Emax was multiplied by the LVEDV obtained in the baseline
state measured by the impedance catheter.
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After LV pressure volume analysis, the chest was opened, the heart was arrested with KCl,
quickly extirpated, and placed in ice-cold Krebs solution (120.4 mM NaCl, 14.7 mM KCl,
0.6 mM KH2PO4, 0.6 mM Na2HPO4, 1.2 mM MgSO4.7H2O, 4.6 mM NaHCO3, 10 mM NaHEPES, 30 mM taurine, 5.5 mM glucose). The coronary arteries were flushed with the same
solution. The atria, RV and LV were carefully separated and weighed.
Isolated cardiomyocyte studies
After the LV was weighed, small LV wedges (from the posterior wall) were cannulated at
larger branch arteries at the base then perfused with warm (36–37°C) calcium-free Krebs
solution (120.4 mM NaCl, 14.7 mM KCl, 0.6 mM KH2PO4, 0.6 mM Na2HPO4, 1.2 mM
MgSO4.7H2O, 4.6 mM NaHCO3, 10 mM Na-HEPES, 30 mM taurine, 5.5 mM glucose) and
gassed with 100% O2 for 5–7 minutes. Cardiomyocytes were isolated from the tissue by
recirculating perfusion buffer supplemented with 2mg/mL collagenase type II (Invitrogen,
Carlsbad, California) for 10–20 minutes.
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Intracellular calcium was measured with the fluorescent indicator fluo 3-acetoxymethyl ester
(fluo 3-AM; Molecular Probes, Eugene, Oregon). Cardiomyocytes were incubated at 37°C
in the dark for 30 minutes in normal HEPES-buffered solution consisting of 126 mM NaCl,
11 mM dextrose, 4.4 mM KCl, 1 mM MgCl2, 1 mM CaCl2, 24 mM HEPES with pH
adjusted to 7.4 and 5 μM fluo 3-AM added. Fluo 3-AM loaded cardiomyocytes were placed
in a glass-bottom, temperature-controlled bath (37°C) that was mounted on the stage of an
inverted microscope (Eclipse TE300/200, Nikon, Lewisville, Texas), as described
previously.17 Cells were continuously bathed at a rate of 1–2 ml/min with the HEPESbuffered bathing solution containing 0.5 mM probenicid to help retard fluo 3-AM transport
from the cells. Cardiomyocytes were allowed to equilibrate for at least 5 minutes prior to
stimulation. Fluorescence emission (530 nm) was collected with a photomultiplier tube via
the 20x objective during continuous excitation at 485 nm and is reported as the fluorescence
normalized to baseline values, after background subtraction, F/F0. The contractile activity
(fractional shortening) of field-stimulated cardiomyocytes was measured with a video-edge
detector (Crescent Electronics, Sandy, Utah). Field stimulation was done with 5 ms square
pulses with constant voltage at ~20% above threshold and 1000 ms cycle length. Calcium
fluorescence and fractional shortening variables were obtained in the same cardiomyocyte at
baseline and after 5 minutes of superfusion with 25 nM D-L isoproterenol or 50 μM
ketotifen fumarate (both from Sigma, St. Louis Missouri). Signals were recorded with the
Axoclamp 2B amplifier system (Axon Instruments, Inc., Foster City, California), digitized

J Card Fail. Author manuscript; available in PMC 2013 December 17.

Pat et al.

Page 5

with a 12-bit A/D converter (Axon Instruments, Digidata 1200A), and recorded with a
computer using pClamp 9 software (Axon Instruments).
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Collagen analysis
Paraformaldehyde fixed paraffin-embedded sections (3μm) from the long-axis and shortaxis epicardial and endocardial sections through the LV mid-region were stained with Picric
Acid Sirius Red F3BA. Interstitial collagen was identified by light microscopy at high
power (40x objective, 1600x total magnification) and collagen volume percent quantified (in
30–40 randomly selected fields per animal) with a digital-based image-analyzer system
(Image-Pro Plus version 6.0, MediaCybernetics, Bethesda, Maryland).
Cardiomyocyte cross-sectional area
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Formalin-fixed frozen LV mid-endocardial sections were laminin-stained for cardiomyocyte
cross-sectional area analysis. Briefly, 5μm sections were subjected to Proteinase K (20μg/
mL – Roche, Indianapolis, Indiana) enzymatic antigen retrieval for 30min at 37°C, blocked
with 5% goat serum/1% bovine serum in phosphate buffered saline for 1hr at room
temperature. Sections were incubated with rabbit α-laminin (1:200 - Abcam, Cambridge,
Massachusetts) overnight at 4°C then incubated with an FITC-conjugated goat α-rabbit IgG
secondary antibody (1:400 - Molecular Probes) for 1hr at room temperature, then
coverslipped with DAPI-hard set mounting medium (Vector Labs, Burlingame, California).
Fluorescent images in cross-section were analyzed using a digital-based image-analyzer
system (Image Pro Plus) to count cardiomyocyte number per μm2 of tissue to determine
cross-sectional area. A minimum of four areas were measured for each animal.
Statistics
Data are presented as mean ± standard error of the mean (SEM). One-way analysis of
variance and the Holm-Sidak post-hoc test for significance was used to analyze data using
Sigma Stat version 3.5 (Systat Software, Chicago, Illinois). P < 0.05 was considered
significant.

RESULTS
LV hemodynamics and function
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Body weight (BW) did not differ among normal (n =6), MR (n =6), and MR+MCS (n =4)
groups (Table 1). LV mass:BW was increased by 25% (P = 0.002) in MR dogs and was
significantly higher in MR+MCS dogs (P = 0.04). Right ventricular mass did not differ from
normal in both MR groups. Mean heart rate, cardiac output, LV ejection fraction, peak +LV
dP/dt and systemic or pulmonary vascular resistance did not differ from baseline values in
both MR groups. However, pulmonary arterial wedge pressure was significantly elevated in
MR+MCS dogs compared to MR and normal dogs (P < 0.02). LV fractional shortening was
increased in MR (P < 0.05) but did not differ from normal in MR+MCS dogs, suggestive of
significant LV systolic dysfunction in the MR+MCS dogs.
LV maximal time varying elastance (Emax) was significantly decreased in MR and MR
+MCS vs. normals dogs (P < 0.05, Table 2 and Figure 1). LV end-diastolic volumes
measured with LV impedance catheter correlated with LVEDV from summated serial short
axis magnetic resonance images (Figure 2, left panel, R2 = 0.59, P < 0.001). LV Emax and
LV Ees are always lower in larger vs. normal sized hearts, which has raised the need for
normalization of LV Emax and LV Ees to heart size.21,22 Indeed, there was a curvilinear
relation between LV Emax and LV impedance catheter-derived LVEDV (Figure 2, right
panel). There was a mean 2-fold decrease in LV Emax normalized to LVEDV in MR (171 ±
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51, P = 0.045) which did not achieve significance in MR+MCS dogs (184 ± 76, P = 0.09)
compared to normal dogs (374 ± 76). However, LV preload recruitable stroke work was
significantly decreased only in MR+MCS dogs vs. normals (P = 0.007). Consistent with the
increase in pulmonary arterial wedge pressure, MR+MCS dogs also demonstrated a trend
toward an increased LV chamber stiffness constant compared to MR dogs (Table 2).
LV remodeling by magnetic resonance imaging
LVESV and LVEDV were significantly increased in MR and MR+MCS vs. normal dogs
(Table 3). In both MR groups there was a significant two-fold increase in LV stroke volume
in the absence of any other valvular disease. This finding coupled with severe mitral
valvular regurgitation on visual analysis of cine-MR imaging in each dog, documented a
significant amount of MR in all dogs irrespective of treatment. LVEDV/mass ratio and
LVED R/T increased significantly in both MR and MR+MCS vs. normals, indicative of an
eccentric LV remodeling. MRI-derived LV mass correlated with the LV mass measured at
sacrifice (R2 = 0.8594; P = 0.003, n = 9, MR and MR + MCS). In addition, MR+MCS had
greater LV posterior wall thickness vs. untreated MR and normal dogs after four months
(Fig 2, Table 3).
LV isolated cardiomyocyte function at baseline and in response to isoproterenol

NIH-PA Author Manuscript

We previously reported an increase in the length of individual isolated cardiomyocytes from
chronic MR dogs.3 In the current study, analysis of LV endocardial tissue sections
demonstrated a significant increase in cardiomyocyte cross-sectional area in MR (381 ± 29
μm2, P < 0.05) and MR+MCS (413 ± 35 μm2, P < 0.05) vs. normal dogs (309 ± 26 μm2).
The increased cross-sectional area may be a reflection of higher LV wall stress in the LV
endocardium of the MR heart.
LV cardiomyocyte fractional shortening was depressed in MR cardiomyocytes vs. normal (P
< 0.05), and worsened in MCS treated dogs (P < 0.05) (Fig. 3A – white bars). Isoproterenol
(ISO) induced ~ 50% increase in normal cardiomyocyte fractional shortening (P < 0.05) and
this increase was blunted in both MR and MR+MCS cardiomyocytes (Fig. 3A – black vs.
white bars). Calcium transients were decreased in both MR and MR+MCS cardiomyocytes
vs. normals (P < 0.05) (Fig. 3B – white bars). ISO significantly increased calcium transients
in normal cardiomyocytes but this effect was abolished in MR and MR+MCS
cardiomyocytes (Fig. 3B – black vs. white bars).
Effect of ketotifen on isolated cardiomyocyte function in vitro
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To determine whether the chronic effect of mast cell stabilization on cardiomyocyte function
in MR dogs was due to inhibition of mast cell degranulation or a direct negative inotropic
effect of the drug on the cardiomyocyte, we isolated cardiomyocytes from normal dogs and
treated them with ketotifen (50μM). Administration of ketotifen to normal isolated
cardiomyocytes caused a 67% and 11% decrease from baseline in both fractional shortening
and calcium transients, respectively (P < 0.001) (Fig. 4).
Effect of mast cell stabilization on extracellular matrix
Interstitial collagen in both the endo- and epicardial region of the LV midwall were
decreased in MR dogs after four months (Fig. 5). This 30% decrease in interstitial collagen
was not attenuated by MCS.
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DISCUSSION
NIH-PA Author Manuscript

Here we show that long term stabilization of mast cells, does not attenuate eccentric LV
remodeling or preserve LV interstitial collagen in isolated MR in the dog. Further, long term
treatment significantly depresses cardiomyocyte and LV function. This effect is most likely
caused by a heretofore unrecognized direct negative inotropic effect of ketotifen on the
cardiomyocyte.
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Mast cells are a source of many inflammatory mediators—cytokines, chemoattractants and
proteases (tryptase and chymase)—all of which have been implicated in the progression of
atherosclerosis11 and LV remodeling.12 Further, mast cells are not phenotypically static and
their secretory pattern alters according to the organ and its changing microenvironment. In
support of their functional versatility, treatment with MCS drugs has been reported to
prevent fibrosis and LV dysfunction in the mouse with pressure overload,13 while in the rat
with ACF, MCS therapy prevents matrix breakdown and attenuates LV dilatation,
presumably through inhibition of MMP activation.10 Although these studies indicate that
mast cells appear to be deleterious in heart failure, the divergent effects of MCS drugs on
ECM homeostasis underscores the pathophysiology of the underlying condition in order to
predict effect. Further, there is now emerging evidence that mast cells may have beneficial
effects in host defense mechanisms in infection.14,23 It is of interest that mast cell deficient
rats have been reported to develop diastolic dysfunction and perivascular fibrosis at nine
months of age.24 Taken together, these studies support a multi-potential role for mast cells
on ECM homeostasis and LV function that is dependent both on the type and stage of
cardiac hemodynamic stress.
In the present study, MCS does not improve interstitial collagen loss and further depress
cardiomyocyte fractional shortening compared to untreated MR dogs. Ketotifen has been
reported to mediate changes in membrane permeability of mast cells to calcium and other
ions required for mast cell degranulation.9,25 This suggests that ketotifen may also affect
calcium homeostasis in the cardiomyocyte. Indeed, we show that administration of ketotifen
to normal cardiomyocytes significantly decreases fractional shortening and calcium
transients, indicating that the drug itself has a negative inotropic effect on the
cardiomyocyte, that may be independent of mast cell mediated effects.
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In addition to cardiomyocyte dysfunction, MCS treatment does not improve the decrease in
LV Emax. In the volume overloaded heart, it has been suggested that LV Emax and LV Ees be
normalized for increases in heart size.21,22 Indeed, after normalization there is still a
persistent mean decrease in contractility; which is significantly different in MR dogs and
trended towards a decrease in MR+MCS dogs compared to normals. In addition, there is a
marked and significant decrease in preload recruitable stroke work (PRSW) in MR+MCS
dogs. LV PRSW is an index of a functional Starling mechanism in the heart and may be a
more accurate reflection of inherent contractile function in the setting of the pure volume
overload of MR.26 In addition, LV fractional shortening is increased in MR dogs and did not
change compared to normal dogs in MR+MCS dogs, which is further evidence of greater
contractile dysfunction. Finally, the greater LV hypertrophy and posterior wall thickness in
MR+MCS dogs is also consistent with greater intrinsic cardiomyocyte dysfunction and a
higher pulmonary arterial wedge pressure with MCS.
The decrease in cardiomyoctye and LV function with MCS is a very interesting finding in
view of the potential therapeutic implications for MCS in heart failure from previous
studies.10 Studies in the eight week ACF rat demonstrate that MCS with nedocromil
attenuated LV remodeling;10 however, assessments of both diastolic remodeling and systolic
function were performed in the isolated heart and not in vivo as in the current investigation.
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The findings of the current study indicate that more extensive studies may be necessary to
fully characterize the efficacy of mast cell stabilizers in the treatment of volume overload
heart failure, especially given that long term administration of ketotifen in the current study
caused a significant decline in cardiomyocyte and LV function in the MR dog.
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FIGURE 1. LV pressure volume relationships in (A) Normal (B) 4 month MR and (C) 4 month
MR+MCS dogs
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Black linear regression and gray exponential lines indicate the LV end-systolic (Ees) and
end-diastolic (k1EDPVR) pressure volume relationship, respectively. Note how the endsystolic pressure volume linear regression line (black) is steeper in normal vs. MR and MR
+MCS dogs.
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Figure 2.

Panel A. Correlation of LV end-diastolic volume (LVEDV) by LV impedance catheter and
cine-magnetic resonance imaging (MRI) in normal, MR and MR+MCS dogs. Panel B.
Demonstration of the curvilinear relation of LV Emax and LVEDV.
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FIGURE 3. Cine-Magnetic resonance images in MR dogs after four months

Long axis views of the LV at end diastole and end systole in dogs with MR and MR+MCS.
In both groups, there is LV dilatation; however, in the MR+MCS dog there is greater LV
posterior wall thickening (arrowheads – right panels) compared to the untreated MR dog
(left panels).
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FIGURE 4. Isoproterenol-induced change in fractional shortening and calcium transients in
isolated cardiomyocytes

(A) Fractional shortening and (B) Calcium transients at baseline (white bars) and after
Isoproterenol stimulation (25 nmol/L) (black bars). * P < 0.05 vs. Normal baseline, # P <
0.05 vs. MR baseline, † P < 0.05 isproterenol vs. baseline of group.
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FIGURE 5. Cardiomyocyte fractional shortening and calcium transients after treatment with
ketotifen in normal cardiomyocytes

Percent change from baseline of fractional shortening and calcium transients after treatment
with ketotifen (50μm). * P < 0.001 vs. baseline.
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FIGURE 6. Interstitial collagen volume percent in normal, MR and MR+MCS dogs

LV interstitial collagen volume percent by PASR in the endocardial and epicardial mid-wall
of normal, 4 month untreated MR and MR+MCS dogs. * P < 0.05 vs. normal.
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TABLE 1

LV Function and Hemodynamics.

NIH-PA Author Manuscript

Normal

MR

MR+MCS

20 ± 1

21 ± 1

22 ± 1

LV:Body Weight (g/kg)

3.9 ± 0.3

4.9 ± 0.2 *

5.7 ± 0.3 *#

RV:Body Weight (g/kg)

1.7 ± 0.1

1.8 ± 0.1

1.8 ± 0.1

6

5

4

Body Weight (kg)

n
Hemodynamics

Baseline

Heart Rate (bpm)

107 ± 4

110 ± 6

111 ± 10

Cardiac output (L/min)

3.9 ± 0.3

3.2 ± 0.3

3.0 ± 0.7

LV ejection fraction (%)

43 ± 4

51 ± 5

42 ± 6

LV fractional shortening (%)

17 ± 1

25 ± 2 *

18 ± 5

2181 ± 156

2423 ± 297

1865 ± 160

LV +dP/dtmax (mmHg/s)
sec−5)

1972 ± 160

2143 ± 312

1815 ± 215

Pulmonary artery mean pressure (mmHg)

13 ± 1

12 ± 2

17 ± 3

Pulmonary artery wedge pressure (mmHg)

5±1

5±1

11 ± 4 * #

177 ± 25

179 ± 37

174 ± 69

9

5

4

Systemic vascular resistance (dyne cm

NIH-PA Author Manuscript

Pulmonary vascular resistance (dyne cm sec−5)
n
*

P < 0.05 versus normal,

#

P < 0.05 versus MR.
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TABLE 2

LV function assessed by pressure/volume impedance catheter.
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Normal

MR

MR+MCS

0.022 ± 0.006

0.012 ± 0.005

0.025 ± 0.008

5.82 ± 1.74

2.00 ± 0.79 *

1.62 ± 0.54 *

61 ± 10

44 ± 3

24 ± 6 *

7

5

4

Diastolic Function
LV Chamber Stiffness Constant
LV Systolic Function
LV Emax (mmHg/mL)
LV Preload Recruitable Stroke Work
n
*

P < 0.05 vs. Normal.

Emax = maximal time varying elastance
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TABLE 3

MRI-derived indices of LV remodeling in normal and four month MR dogs.
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Normal

MR

MR+MCS

LV end-systolic volume, mL

36 ± 2

54 ± 9 *

59 ± 12 *

LV end-diastolic volume, mL

57 ± 4

96 ± 15 *

108 ± 16 *

LV stroke volume, mL

21 ± 2

41 ± 6 *

49 ± 8 *

LV end-diastolic volume: mass, mL/g

0.88 ± 0.07

1.15 ± 0.10 *

1.18 ± 0.14 *

LV end-diastolic radius/wall thickness

2.5 ± 0.2

3.2 ± 0.2 *

3.2 ± 0.4 *

0.78 ± 0.05

0.74 ± 0.02

0.99 ± 0.06 *#

6

5

4

LV end-diastolic posterior wall thickness, cm
n
*

P < 0.05 versus Normal.

#

P < 0.05 versus MR.

NIH-PA Author Manuscript
NIH-PA Author Manuscript
J Card Fail. Author manuscript; available in PMC 2013 December 17.

