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Mitral regurgitation (MR) is a common valvular disorder that has important health and
economic consequences. Standardized guidelines exist regarding when and in whom
to perform mitral valve surgery, but little information is available regarding medical
treatment of MR. Many patients with moderate or severe MR do not meet criteria for
surgery or are deemed to be at high risk for surgical therapy. We reviewed the avail-
able published data on medical therapy in the treatment of patients with primary

MR. B-blockers and renin-angiotensin-aldosterone system inhibitors had the strongest
supporting evidence for providing beneficial effects. B-blockers appear to lessen MR,
prevent deterioration of left ventricular function, and improve survival in asymptom-
atic patients with moderate to severe primary MR. Angiotensin-converting enzyme
inhibitor and angiotensin receptor blocker therapy reduces MR, especially in asymp-
tomatic patients. However, in the setting of hypertrophic cardiomyopathy or mitral
valve prolapse, vasodilators can increase the severity of MR. To define the precise role
of medical therapy, a larger randomized controlled trial is needed to confirm benefit
and assess in which subsets of patients medical therapy is most useful. Medical therapy
in some patients improves symptoms, lessens MR, and may delay the need for surgical
intervention.
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Medical Therapy in Moderate to Severe Degenerative Mitral Regurgitation

itral regurgitation (MR) is
the most common valve
disease in the United

States,' with a prevalence in the gen-
eral population of approximately
19%.>* Its incidence increases with
age, especially in countries with
a low prevalence of rheumatic
heart disease. It can be classified
as primary (degenerative or rheu-
matic) or secondary (functional or
ischemic). Degenerative MR is due
to leaflet disease whereas functional
MR is the consequence of left ven-
tricular (LV) dilation and papillary
muscle displacement. Degenerative
MR was originally thought to be
due to myxomatous changes or
fibroelastic deficiency of the valve
and chordae; more recent work
(at least in posterior leaflet dis-
ease) suggests thickening is due to
tibrous tissue accumulation result-
ing from abnormal leaflet contact,
with chordal rupture being the ini-
tiating event.* Current American
College of Cardiology/American
Heart Association guidelines give
a Class I (Level of Evidence B) rec-
ommendation for surgical referral
of patients with severe primary MR
and symptoms. Improvement in
MR after treatment of heart failure
in patients with functional MR is
well established.” However, the role
of traditional medical therapy for
normotensive patients with degen-
erative MR and preserved LV func-
tion is more controversial,® with
significant variability in its clinical
management.” Notably, the use of
standard medical therapy has not
been compared with placebo, sur-
gery, or interventional therapy.
Once mitral valve regurgita-
tion becomes symptomatic or LV
dysfunction occurs, prognosis is
impaired and patients should be
referred for surgery? In the Euro
Heart Survey, 26% of the patients
with severe MR did not have symp-
toms; 60% of patients with symp-
tomatic degenerative severe MR

responded to medical therapy and
this was found to be the most fre-
quent reason (45% of cases) for prac-
titioners to delay surgery. However,
in 37% of cases, other comorbidities
were listed as reasons for not refer-
ring patients for mitral surgery.®
In patients with primary MR on
no medical therapy, Rosenhek and
colleagues® found that approxi-
mately half of the patients with
severe MR could safely be treated
with the strategy of watchful wait-
ing, namely, serial follow-up at 3,
6, or 12 months. With this strat-
egy, half the patients developed an
indication for surgical therapy at 8
years (eg, symptoms, LV dysfunc-
tion, pulmonary hypertension,
and atrial fibrillation). However,
at present, there is no consensus or
guideline recommendation on the
role of medical therapy in patients
with primary MR.

Physiology

As early as 1922 the effect of vaso-
dilation on MR was studied by
Wiggers and Feely.” They showed
that experimental MR could be
increased by aortic constriction
and decreased by administration
of nitrates. The Torricelli equation
provides a tool to understand MR
determinants. This equation states

pressure (LVsm); and Ts is the time
of duration of systole.

As MROA is dynamic and can
vary according to LV size, there is
the potential to reduce MR with
medical therapy that reduces either
LV dimension, the LV systolic pres-
sure, or both.

LVsm is a modifiable factor for
determining MR severity in this
equation (Figure 1). Unlike aortic
regurgitation, MR by itself usu-
ally does not produce systemic
hypertension'' and right ventricu-
lar dysfunction appears to occur
earlier and to have greater prog-
nostic impact than LV changes."
Nevertheless, in the setting of
increased LV size, MR patients
also have an increase in LV after-
load (wall tension = LV dimension
X LV systolic pressure/2 X LV
wall thickness). In addition to
an increase in afterload, hemo-
dynamically compensated MR
is associated with an increase in
catecholamines,” increased pre-
load with normal wall thickness,
and supranormal diastolic func-
tion." Chronic severe MR causes
LV volume overload," producing
a specific pattern of remodeling.”®
Once LV dysfunction ensues, the
LV dilates and LV afterload rises.'
Furthermore, any increase in arte-
rial pressure (as generally occurs

( the increase in systemic arterial pressure during activity and/or
exercise could also be a target for medical therapy of primary MR.

that the flow through an orifice
varies according to the square root
of the pressure gradient across the
orifice'’:

MRV = MROA X C X (VMPG X Ts)

where MRV is the mitral regur-
gitant volume; MROA is the mitral
regurgitant orifice area; C is the
constant; MPG is the mean pres-
sure gradient between left atrial
systolic mean pressure (LAsm)
and left ventricular systolic mean

with exercise or variable degrees
of exertion) increases LVsm, and
therefore increases mitral regurgi-
tant volume,'” and—as indicated by
the Torricelli equation—increases
the MROA.."® Similarly, the increase
in systemic arterial pressure dur-
ing activity and/or exercise could
also be a target for medical therapy
of primary MR. Theoretically, pre-
load and afterload reduction with
medical therapy could reduce/pre-
vent LV dysfunction and/or reduce
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Medical Therapy in Moderate to Severe Degenerative Mitral Regurgitation continued
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Figure 1. Pressure-volume loops of mitral regurgitation (MR) and its change with therapy. Graphs show pres-
sure on the y-axis and volume on the x-axis. (A) Acute MR. The black lined loop represents normal look. The
green filled loop represents changes after acute MR occurs. After acute MR there is no true isovolumetric
contraction as blood flows back into the left atrium (LA) as soon as systole starts. This reduces afterload,
increasing ejection fraction (EF). There is also no isovolumetric relaxation as blood continues to flow back to
the LA even after aortic valve closure. This additional flow into the LA increases its pressure and thus increas-
ing left ventricular end-diastolic pressure (LVEDP). The ventricle also uses its preload reserve to maintain EF.
Even though total EF is increased, forward stroke volume can be decreased. (B) Chronic compensated MR.
The orange loop represents changes with chronic compensated MR. The volume overload leads to dilation
of the left ventricle. Preload returns to normal or nearly normal. With time, left ventricular end-diastolic
volume (LVESV) increases and afterload starts to increase as well. An enlarged compliant LA permits mainte-
nance of lower pulmonary venous pressures. (C) Chronic decompensated MR. The light blue loop represents
changes with decompensated MR. In this stage there is progressive LV dilatation with increased afterload
and a decrease in EF. At this point, there is an increase in pulmonary venous pressure and symptomatic heart
failure. (D) Effects of afterload reduction on MR. The light orange loop represents changes after vasodilator
therapy. Vasodilator effects on arteries potentially increase forward stroke volume (angiotensin-converting
enzyme inhibitors, hydralazine, B-blockers) without significant changes in LVEDV. (E) Effects of preload
reduction on MR. The grey loop represents changes with decreased preload. Venodilation decreases preload
with a reduction in LVEDV and LVESV, increasing LVEF. Moreover, this provides better workload conditions.

symptoms with possible reverse late systole. Therefore, anything

remodeling of the left ventricle. As
is seen in Figure 1, this, in turn,
can favorably shift the pressure-
volume loop and reduce myocar-
dial stress. One exception to this
is in cases of mitral valve prolapse
(MVP) and hypertrophic obstruc-
tive cardiomyopathy (HOCM), in
which the mitral valve apparatus
is redundant with excessive tissue
relative to the LV during mid to

that decreases LV volume (eg,
standing, decreasing afterload,
or peripheral vasodilation) can
worsen the MR."” In the case of
hypertrophic cardiomyopathy, any
increase in contractility can pro-
duce a similar effect.

For almost 20 years, several
research groups have focused on
understanding the remodeling of
the LV in the early phases of MR.
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Animal studies have shown that
early changes in the LV arise with a
low pressure-volume overload. An
increase in LV apex tension induces
activation of metalloproteinases
and chymase from mast cells with
consequent myocardial hypertro-
phy. These changes appear to start
in the endocardium (see Dillon and
colleagues® for an extensive analy-
sis of this process).

In addition, animal experiments
have provided important insights
on medical therapy for MR. Tsutsui
and colleagues® and Nemoto and
associates* initially demonstrated
that P-blockers ameliorated con-
tractile dysfunction caused by
experimental chronic MR in dogs.
In another study,” metoprolol
improved LV function in dogs
4 months after the induction of
severe MR. This effect appeared to
be mediated in part by bradycardia
as it can be altered by pacing,** and
mitigation of adrenergic damage to
cardiomyocytes.”

Treatment with angiotensin-
converting enzyme (ACE) inhibi-
tors has had varied results in
preclinical studies. One study failed
to show LV mass, myocyte length,
and collagen distribution improve-
ment in early MR despite reduction
in wedge pressure and LV angio-
tensin (Ang) II levels. The authors
found a compensatory increase in
Ang II type 1 (AT1) receptors that
could explain the lack of effect.”
However, Nemoto and associates®
found that when atenolol was added
to lisinopril therapy, forward stroke
volume and contractility returned
to normal. In addition, Tallaj and
colleagues” demonstrated that
dogs with MR treated with long-
acting metoprolol had an attenu-
ation of their LV ACE expression,
and Ang II-mediated norepineph-
rine and epinephrine release in
the cardiac interstitial fluid and
circulation. These findings sup-
port the concept that combining
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renin-angiotensin-aldosterone
system (RAAS) inhibitors with
B-blockers may be a beneficial treat-
ment strategy. Aiming to further
characterize the effects of medical
therapy on moderate to severe and
severe primary MR in humans, we
conducted a systematic search of
current evidence on the subject.

Data Sources and

Searches

We searched English language
papers in the Ovid/MEDLINE and
EMBASE electronic databases from
their inception through May 1,2015.
We used the terms mitral regurgi-
tation OR mitral insufficiency as
MeSH keywords. We supplemented
the search with references from
articles reviewed (Figure 2).

Study Selection and Data

Collection

Prospective and nonprospective
studies reporting the outcomes of
medical therapy on primary mod-
erate to severe MR were included in
this systematic review. Two inves-
tigators (Drs. Slipczuk and Davila)
independently assessed the stud-
ies for eligibility. Inclusion criteria
were (1) isolated native moderate

or severe MR in the absence of
> mild stenosis, and in the absence
of > mild regurgitation or ste-
nosis of another valve; (2) N > 5;
and (3) medical therapy outcomes
reported. We excluded papers that
reported treatments of functional
MR, prosthetic valves or ones
applied intraoperatively, and papers
that reported outcomes of differ-
ent medications as a group with-
out specific data for a medication
or combinations of them. We also
excluded papers that only studied
acute effects of a drug (< 24 h).

Medical Therapy

As shown in Figure 2, our search in
MEDLINE and EMBASE resulted
in 14,049 papers. We included
21 studies in our review. f-blockers
were studied in 4 reports; RAAS
inhibitors in 13; nitrates in 1;
nitrates and calcium channel
blockers (CCBs) in 1; hydralazine
in 1; and a combination of medica-
tions in 1 report.

B-Blockers

Evidence of -blocker effects on MR
comes mostly from studies of sec-
ondary MR in patients with dilated
cardiomyopathy. However, most of

Figure 2. Selection process flow chart. MR, mitral regurgitation

14,049 titles reviewed MEDLINE
and EMBASE

[ 174 full-text reviewed

[ 21 included }

[ 1398 abstracts selected J/[

6 references
selected for review

153 excluded
14n<5
49 no new data
5 surgery
1 animal data
9 not all patients had MR
21 functional MR

these trials were designed to evaluate
therapy for heart failure, with MR
only as a secondary outcome. The
sympathetic nervous system activ-
ity plays an important role in the
adaptation of the LV to the volume
overload that occurs with MR."**
Catecholamines are known to affect
myocyte viability” and can lead to
adverse remodeling.” Conversely,
B-blockers  decrease = morbidity
and mortality in LV systolic heart
failure’* and might be useful in
treating MR in certain settings. We
included 4 studies on [-blockers
with a total of 1092 patients; 2 ana-
lyzed long-acting metoprolol; 2 did
not specify the type of f-blocker.

As can be seen in Table 1, trials
in primary MR were mainly con-
ducted in asymptomatic patients
or those with limited symptoms.
Effects of P-blocker therapy in
patients with severe MR and con-
gestive heart failure have been
shown to be beneficial. However,
this has been presumed to be due to
the beneficial effects of p-blockers
on congestive heart failure.

Ahmed and colleagues® per-
formed a small randomized,
double-blind  placebo-controlled
trial on 38 patients with compen-
sated, asymptomatic, moderate
to severe degenerative MR with
thickened leaflets and MVP. The
authors excluded patients with sys-
temic hypertension that required
therapy, those with functional class
IIT or IV heart failure, previous MI,
or significant coronary artery dis-
ease. No patients had a flail leaflet.
Patients who received long-acting
metoprolol demonstrated preser-
vation of LV systolic and diastolic
function over a 2-year period as
measured by cardiac magnetic
resonance. Six patients out of 19 in
the placebo group required surgery
compared with 2 out of 19 in the
medical therapy group (P = .23).

In a prospective, randomized
double-blind crossover study of
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Medical Therapy in Moderate to Severe Degenerative Mitral Regurgitation continued

TABLE 1
\
Effects of B-Blockers on Mitral Regurgitation
Study Drug Type Grade EF A LVEF  Duration Comments
Ahmed Ml et al® Succinate . 92% NYHA'I
(N = 38) 25/100mg  rmary 3+ 62 047 24 mo MLVEDV 25%
. 72% NYHA |

34

(Slfle":"a;S)RA ol et pimay 3+ 65 N 05mo  TLVEDV 3%
g MSV 6%

Varadarajan P et al*® 40.62 mortality
(N = 895) NR NR 4+ 66 NR NR HR

36
&h i“f';f)eyers NR 73%primary 3+ 59 433%  20mo

HR, hazard ratio; fSV, forward stroke volume; RF, regurgitant fraction; LVEDV, left ventricular end-diastolic volume; NR, not reported; NS, not significant; NYHA, New
York Heart Association; RV, regurgitant volume; SV, stroke volume.

25 patients with moderate to severe
degenerative MR, 44% of patients
had flail or partial flail mitral
valve leaflets.’® Treatment with
long-acting B-blockers for 2 weeks
increased the forward stroke vol-
ume (fSV) mildly (+5 mL) without
changing ejection fraction (EF) or
the MR volume. [-blockers also
decreased the cardiac workload by
20% and the cardiac output (CO)
to a lesser degree (9%). Long-term
outcome data were not reported.
Varadarajan and associates®
conducted the largest study of
B-blockers in patients with MR.
All patients had an LVEF > 55%.
In their retrospective study of 895
patients with severe MR and nor-
mal EF, the use of B-blockers was
associated with a reduction in mor-
tality (hazard ratio 0.62; P = .002).
However, 70% of patients receiv-
ing P-blockers were hyperten-
sive; entire [-blocker group also
received more aspirin (56% vs 21%;
P < .0001), ACE inhibitors (52% vs
28%; P > .0001), and statins (8%
vs 30%; P > .0001). The mortality
benefit persisted after adjustment
for differences between groups.
Patients in the [-blocker group
had less mitral valve surgery (19%

vs 37%; P < .0001) over maximum
11 years of follow-up.

Oh and Meyers* retrospectively
studied 134 asymptomatic patients
with moderate to severe MR and
LVEF > 50%. At 20 months, the
B-blocker group had a small reduc-
tion in EF of 3.3% as compared
with improvement of 3.4% in the
group with afterload reduction
without p-blockers when treat-
ment was newly started. However,
this change became nonsignifi-
cant with continued treatment
(P = .06). Semiquantitative MR
severity grade decreased after ini-
tiation of afterload reduction (4.0 vs
3.5; P = .05) but this did not persist
with longer exposure to f-blockers.
B-blockers did not affect heart rate
and therefore patients were proba-
bly not treated with adequate doses
of B-blockers to have a significant
pharmacologic effect.

In summary, p-blocker therapy
in primary MR has been studied in
1092 patients. B-blocker therapy is
associated with less deterioration
in EF, reduced cardiac workload,**
reduced MR grade,* and reduced
mortality, while possibly increas-
ing fSV** and preserving LV sys-
tolic and diastolic function.” These

32 ¢ \Vol. 17 No. 1/2 ® 2016 ® Reviews in Cardiovascular Medicine

effects are also associated with a
reduction in heart rate possibly
leading to (1) reduction in oxy-
gen consumption,” (2) improved
calcium handling,*® (3) improved
myocardium metabolism restoring
high-energy phosphate,” and (4)
preservation of the curvature of the
apex preventing global rounding of
the left ventricle.*’

RAAS Inhibitors

RAAS regulates blood volume and
systemic vascular resistance. Ang IT
constricts resistance vessels, mainly
through AT1 receptors. ACE inhib-
itors block the conversion of Ang I
to Ang II. ACE, or kininase II, in
the enzyme is responsible for cleav-
ing the C-terminal dipeptide from
Ang], bradykinin, and a number of
other small peptides that lack a pen-
ultimate proline residue. ACE also
catalyzes the degradation of brady-
kinin further by possibly inhibit-
ing desensitization of its receptor,
increasing both bradykinin levels
and signaling.*' Bradykinin causes
smooth muscle contraction in cer-
tain organs and increases vascular
permeability, stimulates peripheral
and C fibers, and augments mucous
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secretion. Angiotensin receptor
blockers (ARBs) inhibit the AT1
receptor directly. ARBs, as opposed
to ACE inhibitors, do not increase
bradykinin levels.*” We found
13 papers reporting effects on ACE
inhibitors/ARBs on MR, with a
total of 336 patients (Table 2).

Four small trials evaluated
the efficacy of ACE inhibitors
in asymptomatic patients with
chronic primary MR; only the
study by Marcotte and associ-
ates” was randomized. In this
study, asymptomatic patients with
chronic, moderate MR of varying
etiologies were randomized to lisin-
opril or placebo, and followed for 1
year. Those treated with lisinopril
showed a decrease in regurgitant
fraction (RF) of 6.4% compared
with a 3.7% increase among con-
trol subjects (P < .05). Tischler and
colleagues** treated 11 asymptom-
atic patients with severe MR due to
MVP with enalapril for 6 months.
Treatment was associated with a
reduction in LV end-systolic vol-
ume (LVESV) and LV end-diastolic
volume (LVEDV), at rest and dur-
ing exercise. There was a small but
significant increase in EF of 6%
(P < .01) with a reduction in LV
mass index (P < .001). Enalapril
reduced both regurgitant volume
(RV) and RF at rest and during
exercise without changes in exer-
cise capacity; however, there was no
control group in the study. Sampaio
and associates® reported a ran-
domized study of 47 asymptomatic
or minimally symptomatic patients
with moderate to severe MR treated
with enalapril for 1 year. They also
found reductions in regurgitant
orifice area, RV, and RF.

Tunaoglu and coworkers*® fol-
lowed 24 patients with severe MR
from rheumaticheart disease (RHD)
(mean age 14 y) for 20 days. These
patients received lisinopril or pla-
cebo. Lisinopril decreased LVEDV
(P < .05) and showed a trend for

a reduction in regurgitant volume
(P > .05) and minimally increased
fSV (P <.05). In this study, patients
were also taking digoxin. Gupta
and colleagues” found similar
results in 44 patients on enalapril
with severe MR secondary to RHD
(mean age 18.8 y) who were treated

inhibitors could represent an inter-
esting strategy to mitigate the pro-
gression of MVP and MR.*

In primary MR, ACE inhibitor/
ARB therapy has been associated
with reduced RF, RV, LVEDV, and
increased stroke volume, especially
in patients without symptoms or

In primary MR, ACE inhibitor/ARB therapy has been associated with
reduced RF, RV, LVEDV, and increased stroke volume, especially in
patients without symptoms or LV dysfunction.

for 6 months. Improvement to New
York Heart Association (NYHA)
class I was seen in 30% of the treated
NYHA class II patients at 6 months.
The authors also found that patients
had a 7% increase in LVEF and a
decrease of 11% in LVEDV.

In a randomized controlled
trial, Wisenbaugh and associates*
compared captopril with placebo
in 32 patients (NYHA class I to
II) with chronic rheumatic MR.
At 6 months, there was no differ-
ence in systolic arterial pressure,
LV volume, or EF between groups.
Malev and coworkers® studied
233 asymptomatic patients with
severe MR secondary to MVP in
a retrospective, nonrandomized,
single-center study. Groups did
not differ in most demographic
and clinical characteristics; 81.1%
received an ACE inhibitor or ARB
and 18.9% did not receive these
medications. Transforming growth
factor (TGF)-B1 and TGF-B2 levels
were significantly higher in sub-
jects without ARB therapy than
in the ARB group (55.9 * 70.7 vs
161 + 329 ng/mL; P = .0003;
and 7.6 = 0.5 vs 2.2 = 1.5 ng/ mL;
P <.0001). There was also improve-
ment in systolic function (EF 59.2
* 9.6% vs 47.5 = 10.6%; P > .0001).
TGF-B signaling has shown to
induce myocardial fibrosis and
contribute to the development of
a myxomatous mitral valve and
therefore its attenuation by RAAS

LV dysfunction.”” Possible benefi-
cial effects of ACE inhibitor/ARB
therapy have also been found in
the pediatric population. This was
proven in a meta-analysis by Strauss
and associates® of ACE inhibitor/
ARB for MR that included 19 stud-
ies. These authors combined data
and noted a mean decrease of 7.7%
in RF, 7.9 mL in RV, and a decrease
of 11.5 mL/m? in the LVEDV index.
However, data are sparse and some-
what conflicted. Even though ACE
inhibitors and ARBs seem to have
beneficial hemodynamic effects,
there are no data on hospitaliza-
tions for heart failure or mortality.
More research is needed before any
definitive conclusions can be made.

Nitrates
The role of vasodilator therapy to
reduce ventricular load has been
evaluated in several small clini-
cal trials. Most of the studies with
nitrates used intravenous dosing
assessing short-term response. We
included two studies of nitrates in
50 patients with MR (Table 3).
Nitroglycerin (NTG) and other
vasodilators may reduce LV
end-systolic size, thereby allow-
ing better MV leaflet coaptation.
Alternatively, vasodilation by
reducing afterload may enhance
LV closing forces. As opposed
to hydralazine, which mainly
affects afterload, nitrates decrease
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TABLE 2

Study

Marcotte F et al*
(N =23)

Tischler MD et al*
(N=11)

Sampaio RO et al®
(N=47)

Tunaoglu FS et al*
(N = 24)

Gupta DK et al*

(N = 44)
Wisenbaugh T et al*®
(N =32)

Dujardin KS et al”
(N =32)

Harris KM et al”®
(N = 206)

Host U et al™®
(N=11)

Knirsch W et al”’
(N =24)

Sekuri C et al”®
(N=27)

Wong GC et al”
(N =23)

Rivera IR et al®
(N=12)

Drug

Lisinopril
18 mg

Enalapril
20mg

Enalapril
35 mg

Enalapril
20 mg

Enalapril
20 mg

Captopril
75 mg

Losartan
50 mg

Enalapril
10 mg

Ramipril
5-10 mg

Captopril
0.1 mg/kg

Losartan
50 mg

Lisinopril
17 mg

Enalapril
5mg

Type

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Mixed

Primary

Primary

Grade

2+

4+

3+

4+

4+

4+

3+

3+

3+

3+

3+

3+

4+

Effects of ACE Inhibitors and ARBs on Mitral Regurgitation

EF

70

67

64

NR

63

64

65

59

04

NR

52

>60

06

A LVEF

NS

6%

NS

NS

™%

NS

NS

NS

NS

NR

5%

NS

13.5%

Duration

Ty

6 mo

Ty

20d

6 mo

6 mo

1 mo

6 mo

4 wk

ly

6 wk

ly

1 mo

Comments

JRF 6%
SV NS
LVEDV NS

JRF 17%
JLVEDV 12%

IRF 8%
JRV 25%
JLVEDVI 5%
fSV NS

JRV 42%
JLVEDV 24%
™SV 2%

JLVEDVI 11%

SV NS
LVEDV NS

75% NYHA 1
JERO 12%
JRF 1%
JRV 13%
JLVEDVI 7%
TSV 5%

NS for LVEDV, RF, RV.
Only AMR in HTN pts

JRF 18%
JRV 14%
LVEDV NS
TSV 11%

JLVEDVI 15%
FS NS

JRV 14%
SV NS
LVEDV NS

JRF 6%
LVEDV NS

RF NS

ERO, effective regurgitant orifice; fSV, forward stroke volume; HTN, hypertension; LVEDV, left ventricular end diastolic volume; LVEDVI, left ventricular end diastolic

volume index; NR, not reported; NS, not significant; NYHA, New York Heart Association; RF, regurgitant fraction; RV, regurgitant volume; SV, stroke volume.
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TABLE 3

Mitral Regurgitation

Study Drug
Gupta DK etal”  Nicorandil
(N = 43) 20 mg/d
Kelbaek H et al*’ Isosorbide
N =7) dinitrate
40 mg/d
Greenberg BH Hydralazine
et al®® 75 mg 4 times
(N=10) daily
Kelbaek H et al””  Nifedipine
(N=128) 40 mg/d
: Digoxin/enalapril
65
I(Rl\llve:ra1 |2R) etal 0.25 mg/d and
5 mg/d*

Effects of Nitrates, Calcium Channel Blockers, Hydralazine, and Combination of Medications on

Type Grade EF A LVEF
Primary 4+ 63  111.29%
Mixed 3+ 59 NS

Primary 4+ 46 NS

Mixed 3+ 57 NS

Primary 4+ 67 15.7%

-
Duration Comments
6 mo L LVEDV 6%
2 wk
JRF 40%
48 h JRVI 39%
T™MSVI 83%
JRF 11%
2 wk LRV 20%
™SV 18%
RF NS
1 mo LVEDV NS
SV NS

ERO, effective regurgitant orifice; fSV, forward stroke volume; fSVI, forward stroke volume index; HTN, hypertension; LVEDV, left ventricular end-diastolic volume;
NS, not significant; RF, regurgitant fraction; RV, regurgitant volume; SV, stroke volume.

LVEDV and LVESV. NTG has been
reported to result in changes in the
mitral annulus size if it is not rheu-
matic or calcified.”»* This is poten-
tially important when MR is due
to dysfunction of the subvalvular
apparatus.®*® The effects of NTG
appear to be additional to those of
hydralazine.>

The decrease in LVEDV pro-
duced by nitrates has the potential
to influence remodeling and reduce
ventricular dilatation. A limita-
tion of the available data is that
they are primarily based on acute
effects of intravenous medications.
Chronic effects of long-acting oral
nitrates may not be the same.”
Studies have not found any ben-
eficial effects of oral nitrates on MR
either in acute®”® or 2-week admin-
istration of the drugs.”” Moreover,
in patients with rheumatic valve
disease, they may have a detrimen-
tal effect.” Nitrates are expected to

decrease the backward impedance
by decreasing the impedance at the
left atrial and pulmonary vein lev-
els. However, because of the corre-
sponding decrease in the LV filling
volume, which causes a decrease
in the effective size of the regurgi-
tant orifice, the overall backward
impedance may be unchanged. Data
from Jeang and colleagues® suggest

with severe MR who are apparently
asymptomatic and have normal
LVEF may be symptomatic dur-
ing stress testing, with an associ-
ated afterload increase on exertion.
Attenuation of systolic blood pres-
sure with medical therapy using
vasodilators might improve exer-
cise tolerance and reduce MR.
Vasodilators may be harmful in

ﬁttenuation of systolic blood pressure with medical therapy using
vasodilators might improve exercise tolerance and reduce MR.

that this is true for nonrheumatic
MR; however, in the rheumatic MR
group, because the commissures are
frequently fused, and the leaflets
and chordae thickened, the effective
regurgitant area may not change
significantly with LV volume.
Unloading of the LV with vaso-
dilator therapy is associated with a
variable reduction in MR severity
and LV volumes.”” Many patients

certain situations such as HOCM
with MR secondary to systolic
anterior motion (SAM) of the
mitral valve and in patients with
MVP and preserved LV systolic
function.®® In addition, SAM and
LV outflow tract (LVOT) gradients
(HOCM physiology) can be pre-
cipitated in hypertensive patients
with LV hypertrophy and small LV
cavities. Thus, vasodilators should
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be used with caution in patients
with hyperdynamic LV function or
small LV chamber size because of
the potential for SAM to produce
LVOT gradients and worsen MR.%

As shown in Table 3, Gupta and
associates?”” randomized 87 patients
with severe MR secondary to RHD
to nicorandil (a nitrate not available
in the United States) or enalapril
and followed them for 6 months.
EF increased 7% and 4% in both the
nicorandil and enalapril groups,
respectively, with statistical sig-
nificance. Unfortunately, there was
no placebo control group and the
study was not blinded.

Kelbaek and coworkers®” studied
both the acute and 2-week effects
of isosorbide dinitrate, 20 mg twice
daily. We only included data from
the 2-week results in our study.
Patients were randomly allocated
and the study was double-blinded.
MR was primary in 16 patients,
with MVP in 9, and secondary to
cardiomyopathy or ischemic heart
disease in the remaining patients.
No significant hemodynamic
changes were found in this study.

Hydralazine
Hydralazine dilates the resistance
arterioles, reducing peripheral

resistance and aortic impedance.
Consequently, the gradient between
the LV and LA falls, which can result
in an increase in fSV and a decrease
in MR. Hydralazine is a pure arte-
rial vasodilator and does not pro-
duce venodilation; on the contrary,
it generates baroreflex-mediated
venoconstriction with increased
blood return to the heart.*

As noted in Table 3, Greenberg
and associates® studied both intrave-
nous and oral hydralazine in severe
primary MR. The authors studied
10 patientswith NYHA I or IV heart
failure, a mean EF of 51%, and severe
MR of various etiologies as deter-
mined by angiography.” They found

an acute decrease in RF, RV, systemic
vascular resistance, and wedge pres-
sure, with an increase in fSV but
no changes in LVEF. Hydralazine
did not change the LV end-diastolic
pressure or LVEDV. The effects were
sustained for at least 48 hours with
oral hydralazine. Similar hemody-
namic changes were noted during
exercise in a group of 12 heart failure
patients with severe MR and a mean
EF of 55%. At 13-month follow-
up, 44% of patients had sustained
symptomatic improvement, whereas
the other patients had no benefit or
intolerable side effects.®* The hemo-
dynamic improvement with hydral-
azine appears to be enhanced when
combined with nitrates, as shown in
patients studied at rest and during
exercise.”

CCBs

The heterogeneous group of CCBs
produces vasodilation by blocking
long-acting (L-type) calcium chan-
nels in vascular smooth muscle and
the myocardium. Different bind-
ing sites divide the calcium block-
ers into dihydropyridines (DHT)
and non-dihydropyridines (non-
DHT). The DHT group acts more
on the vascular bed and the non-
DHT group in the myocardium
and conduction system. One study
evaluating the use of CCB is shown
in Table 3. Kelbaek and associates®
studied eight patients with moder-
ate to severe chronic MR random-
ized to placebo or nifedipine. After
2 weeks of treatment, their RF
decreased 11%, RV decreased 20%,
and fSV increased 18% with no
changes noted in the placebo group.

Combination Therapy

Rivera and colleagues® carried out
a double-blind placebo-controlled
study in 12 patients with a mean age
of 12.5 years, with mildly symptom-
atic MR from rheumatic etiology
with hemodynamic repercussion

36 ¢ Vol. 17 No. 1/2 @ 2016 ® Reviews in Cardiovascular Medicine

(Table 3). Patients were random-
ized in four phases of 30 days each:
digoxin, enalapril, digoxin + enala-
pril, and placebo. Both indepen-
dent drug groups showed improved
hemodynamics ~ with  greatest
improvement seen in the combina-
tion group, with an improvement
in LVEF from 65% to 69% (P < .01),
change in LV end-systolic dimension
from 38 to 36 mm (P < .01), and
improvement in LV ventricular con-
tractility measure (dP/dT) from 1042
to 1409 mm Hg/s (P < .01). No sig-
nificant changes were seen in blood
pressure or heart rate.

Miscellaneous

A small number of trials have shown
beneficial effects with «-blockers
such as prazosin,® phosphodiester-
ase III inhibitors,” and digoxin.®
Mehta and coworkers®® studied
eight patients and found an increase
of 33% in SV and 28% in cardiac
index, with a 30% decrease in sys-
temic vascular resistance, 8 hours
after a single dose of prazosin with-
out any long-term effects reported.

Perioperative Therapy

Though studies evaluating intraop-
erative or prosthetic valve regurgita-
tion were excluded from the current
review, it seems reasonable to apply
the same principles of reducing pre-
load and afterload to these clinical
settings (Figure 3). Medications with
the highest level of evidence (ACE
inhibitors and {-blockers) are pre-
ferred as a first line of treatment, with
others (nitrates, hydralazine, CCBs)
held in reserve as add-on/second-line
therapy. In patients with heart fail-
ure due to LV systolic dysfunction,
the initiation of B-blockers should be
avoided, especially in the setting of
shock. ACE inhibitor use should be
avoided if renal function is compro-
mised. During the in-hospital wait-
ing period for surgery, hemodynamic
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Pre-OP

BB/ACEi

Diuretics

IV nitrates/dobutamine/
milrinone

15t line

2" line Oral nitrates
Hydralazine

CCB

Surgery

Avoid negative inotropes
Dobutamine/milrinone

Post-Op

BB/ACEi
Diuretics
Vascular plugs

Oral nitrates
Hydralazine
CcCB

Figure 3. Suggested perioperative therapy. Graph shows suggested therapy in the preoperative, operative,
and postoperative period. ACEi, angiotensin-converting enzyme inhibitor; BB, B-blocker; CCB, calcium

channel blocker; 1V, intravenous.

monitoring with a pulmonary artery
catheter and the combination of
diuresis and intravenous nitrates
with or without dobutamine and/or
milrinone have been shown to have
beneficial effects in patients with
severe congestive heart failure due to
systolic dysfunction.>s$7

In the operating room, anesthesia
induction should be done carefully
trying to avoid negative inotropes
in patients with severe heart failure;
the surgical team should be present
in case of acute decompensation
and inotropes such as milrinone
or dobutamine used if needed.”
Reassessment of MR severity in this
setting should be done with cau-
tion, as general anesthesia affects
loading conditions and decreases
regurgitant volume.” It should be
noted that the reduction of preload
and afterload with anesthesia and
vasodilator agents can worsen MR
due to MVP or HOCM.

After surgery, if the EF is
reduced, cardiomyopathy guideline-
directed medical therapy should be
initiated.”” If the EF is preserved
but there is residual regurgitation
not deemed feasible for reopera-
tion, we believe that hemodynamic
optimization with {-blockers and
ACE inhibitors should be imple-
mented. When there is significant

paravalvular regurgitation, the use
of minimally invasive options, such
as placement of a vascular plug
device, should be considered.”

Limitations

The data analyzed on our review
have multiple limitations. The stud-
ies reviewed are mostly small studies
with different MR etiologies, dif-
ferent patient populations, different
durations of therapy, and different
measurement points. However, there
are no large, randomized prospec-
tive trial data. Some studies lacked
control groups. In several of the
studies, patients were taking other
cardioactive medications and there
is a lack of quantitative analysis
of the MR. In many of the studies,
patients had hypertension, heart fail-
ure, and reduced EF; in this setting
it is difficult to differentiate whether
the beneficial effects of treatment are
due to improvement in LV function
or a reduction in MR severity.

Conclusions

At present, there are no standard-
ized guidelines to pharmacologi-
cally treat patients with moderate to
severe primary MR. Primary MR is
a structural lesion, which has tradi-
tionally been treated with surgical

correction. MR is a highly prevalent
progressive disorder that can lead to
heart failure. Surgery is recom-
mended in patients with primary
severe MR who have symptoms, LV
dysfunction, LV dilatation (LV end-
systolic diameter = 40 mm), or that
are undergoing cardiac surgery for
other indications. Moreover, when
there is a high likelihood of
successful and durable repair and
resting pulmonary hypertension
(pulmonary artery systolic pressure
[PASP] > 50 mm Hg) or new onset
atrial fibrillation, it is reasonable to
proceed with surgery. The role of
medical therapy in asymptomatic
normotensive patients with pre-
served LV functions and dimen-
sions has not been established.
Further, there is a sizable group of
patients with significant MR who
do not meet surgical criteria or for
whom surgery would entail high
risk. This review shows that medical
therapy, especially B-blockers and
ACE inhibitors/ARBs, is potentially
useful in primary MR by reducing
afterload, improving MR, and pre-
venting LV remodeling or causing
reverse remodeling. Thus, there
may be a role for medical therapy in
patients with asymptomatic severe
primary MR. However; it is neces-
sary to have verification in a large-
scale randomized clinical trial on
the utility of medical therapy.
Unfortunately, although there are
promising data, it remains uncer-
tain if medical therapy has any ben-
eficial impact on the natural history
of MR. Medical therapy could
potentially delay the need for sur-
gery, improve functional status, and
delay trading one disease condition
(MR) for another, namely, for mitral
valve placement or repair, which
have their own morbidity and
complication rates. [
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