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Mitral stenosis is classically caused by rheumatic disease (RMS). However, degenerative
mitral stenosis (DMS) is increasingly encountered, particularly in developed countries with
aging populations. The aim of this study was to compare clinical and echocardiographic char-
acteristics between the 2 entities. One hundred fifteen patients with DMSwere identified from
an echocardiographic database in the United States and compared with 510 patients with
RMS from Seoul, Korea. All subjects had a mitral valve area (MVA) ≤2.5 cm2 by continuity
equation but were otherwise unselected. Patients with DMS were older and had more hyper-
tension, diabetes, chronic kidney disease, and chronic obstructive pulmonary disease than
those with RMS. Atrial fibrillation was more common in RMS patients. Mean mitral valve
gradient was slightly lower in DMS versus RMS (7.63 § 3.67 vs 8.50 § 4.23 mm Hg, p = 0.04)
but MVA was strikingly higher in the DMS group (1.35§ 0.41 vs 0.95§ 0.38 cm2, p <0.0001).
This appeared to be due to greater stroke volume in the DMS patients (70.4 § 19.7 vs 55.7 §
15.5 ml, p <0.0001). Indexed left atrial volume was greater in RMS (82.1 § 40.3 vs 57.9 §
21.4 ml, p <0.0001) while estimated pulmonary artery systolic pressure was greater in DMS
(49.3 § 16.5 vs 39.4 § 13.6 mm Hg, p <0.0001). In conclusion, DMS patients are older and
have more comorbidities than RMS patients. DMS presents with greater MVA relative to
mean mitral valve gradient than RMS. This appears due to a higher stroke volume in DMS
patients. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;125:1536−1542)
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Mitral stenosis is generally due to rheumatic disease
(RMS) or severe mitral annular calcification (degenerative
mitral stenosis [DMS]). While the former is still widely preva-
lent in low-income countries, it is now uncommon in devel-
oped countries.1 Conversely DMS, which increases in
prevalence with age, is now commonly encountered in clini-
cal practice.2 We know a great deal about RMS but compara-
tively little about DMS. Rheumatic disease involves
commissural fusion which reduces the mitral orifice to a small
circular, or “fishmouth,” opening. In this setting Doppler
measurements of valve gradient and Doppler-derived valve
area have been validated by catheterization studies.3 By con-
trast, DMS involves bulky calcific deposits in the mitral annu-
lus which extend onto the leaflets creating a tunnel-like
stenosis4 and displacing the hinge point of the leaflets api-
cally.5 The orifice at the leaflet tips is not circular at all but
roughly crescent shaped (Figure 1). Whether Doppler pro-
vides accurate information on valve gradient and valve area is
unknown in this setting. This study compares clinical and
echocardiographic variables in patients with RMS and DMS.
Methods

For this study we compared 115 DMS patients with severe
mitral annular calcium (MAC) and 510 patients with RMS.
Both groups had a mitral valve area (MVA) ≤2.5 cm2 as mea-
sured by the continuity equation. MAC patients were identi-
fied through review of echocardiogram reports at Einstein
Medical Center from September 2007 through April 2018
(inpatient and outpatient) and were otherwise unselected.
RMS patients were identified from the echocardiographic
database at Severance Cardiovascular Hospital, Seoul, Korea
covering the time period from January 2005 through Decem-
ber 2017. Patients with a prosthetic or repaired valve were
excluded as were patients with prior balloon valvotomy.

For each echocardiogram the following data was
collected:

1. stroke volume, calculated as the product of left ventricu-
lar outflow tract (LVOT) area x LVOT velocity-time
integral (VTI),

2. mean mitral valve gradient (MVG) obtained by planime-
try of the continuous wave Doppler signal through the
mitral valve orifice,

3. MVA by 3 methods:

a. pressure half-time method where MVA = 220/t 1/2
b. planimetry of the mitral valve orifice on a short-axis

view at the leaflet tips
c. continuity equation where MVA = stroke volume/

mitral VTI,

4. net atrioventricular compliance (Cn) defined as 1270*
(MVA/E-wave downslope)6,

5. pulmonary artery systolic pressure (PASP) defined as
(4 x tricuspid regurgitant jet velocity2) + estimated right
atrial pressure.
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Figure 1. 3D TEE images of a DMS valve. The left panel views the valve from the left atrium. Note the bulky calcifications creating a tunnel-like stenosis.

The right panel views the valve from the left ventricle. Note that the commissures are open and that the orifice at the leaflet tips is crescent-shaped. This figure

is for illustrative purposes; 3D echocardiography was not employed for this study.

Table 1

Demographics and comorbidities

Variable RMS (n = 510) DMS (n = 115) p Value

Men 124 (24%) 36 (31%) 0.12

Age (years) 56.8 § 12.5 73.4 § 12.6 <0.0001
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Doppler flow parameters were compared between RMS
and DMS patients as were MVAs. The primary analyses
included all subjects. Analyses were then repeated after
limiting subjects to those with severe mitral stenosis (MVA
≤1.5 cm2) and excluding patients with severe aortic steno-
sis, ≥moderate regurgitation (mitral or aortic), atrial fibril-
lation, or dialysis. These exclusions were chosen as they
can potentially influence net AV compliance, MVA calcu-
lations, and PASP estimates.

Demographic data and information on comorbidities
were collected from patient records. Hypertension was
defined as a chart diagnosis of hypertension or the current
use of antihypertensive medication. The presence of diabe-
tes and chronic obstructive pulmonary disease were simi-
larly determined. Chronic kidney disease was defined as an
estimated glomerular filtration rate <60 ml/min/1.73 m2

(using the Modified Diet in Renal Disease formula). This
study was approved by the Institutional Review Boards of
both hospitals.

Continuous data are presented as mean§ SD and categori-
cal data as numbers and percentages. Nominal variables were
compared using chi-squared testing. For continuous variables
Student’s t test or the Wilcoxon test, when values were not
normally distributed, were used. For comparisons of MVG
and MVA a nonlinear quadratic model provided the best fit.
A 2-tailed p value <0.05 was considered to indicate statistical
significance. All analyses were performed using JMP version
14.0 (SAS Institute, Cary, North Carolina).
Hypertension 208 (41%) 77 (67%) <0.0001
Diabetes mellitus 116 (23%) 57 (50%) <0.0001
Chronic kidney disease 30 (6%) 41 (36%) <0.0001
Chronic obstructive

pulmonary disease

14 (3%) 13 (11%) 0.0003

Atrial fibrillation 266 (52%) 18 (16%) <0.0001
Heart Rate (bpm) 71.0 § 14.8 74.8 § 12.4 0.048
Results

Demographic and comorbidity data are displayed in
Table 1. DMS patients were older and had more comorbid-
ities than RMS patients. However, atrial fibrillation was
more common in the RMS group. Women predominated in
both groups.

Doppler and echocardiographic variables are displayed
in Table 2. E-wave and A-wave velocities, and E:A ratio
were similar between the 2 groups. (In the context of mitral
stenosis these variables reflect severity of the valve disease
and not diastolic function.) Mean MVG was slightly, but
significantly, lower in the DMS patients. In both groups
mean MVG increased in a nonlinear fashion as valve area
decreased (Figure 2). However, MVA was higher in the
DMS group, by an average of 0.4 cm2, no matter which
method was used to measure MVA (Figure 3). In addition,
MV VTI was lower in DMS, confirming this finding
(Table 2). LVOT VTI and stroke volume were significantly
greater in the DMS group, consistent with the large differ-
ence in MVA between the 2 groups.

LAVI was larger in RMS (Figure 4) when compared
with DMS. Interestingly, within the RMS group there was
no difference in LAVI between those in atrial fibrillation
and those in sinus rhythm (84.4 § 41.2 ml vs 79.6 §
39.3 ml, p = 0.25). By contrast, in DMS patients LAVI was



Table 2

Doppler echocardiographic parameters

Variable RMS (n = 510) DMS (n = 115) p Value

Left ventricular outflow tract area (cm2) 2.97 § 0.59 2.88 § 0.54 0.11

Left ventricular outflow tract velocity-time integral (cm) 18.9 § 4.6 24.6 § 5.6 <0.0001
Stroke volume (ml) 55.7 § 15.5 70.4 § 19.7 <0.0001
E wave (cm/s) 1.84 § 0.41 1.84 § 0.47 NS

A wave (cm/s) 1.75 § 0.41 1.74 § 0.46 NS

E:A 1.03 § 0.29 1.10 § 0.44 0.11

Mean mitral valve gradient (mm Hg) 8.50 § 4.23 7.63 § 3.67 0.04

Mitral valve area − Continuity equation 0.95 § 0.38 1.35 § 0.41 <0.0001
Mitral valve area − Pressure half-time 1.15 § 0.35 1.63 § 0.46 <0.0001
Mitral valve area - Planimetry 1.07 § 0.29 1.39 § 0.41 <0.0001
Mitral valve velocity-time integral (cm) 63.9 § 22.5 54.4 § 14.7 <0.0001
Net atrioventricular compliance (ml/mm Hg) 4.85 § 2.40 5.31 § 2.36 0.07

Left atrial volume index (ml) 82.1 § 40.3 57.9 § 21.4 <0.0001
Pulmonary artery systolic pressure (mm Hg) 39.4 § 13.6 49.3 § 16.5 <0.0001
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significantly greater with atrial fibrillation versus sinus
rhythm (70.9 § 30.4 ml vs 55.0 § 17.9 ml, p = 0.007).
PASP was higher in the DMS group (Figure 5); this differ-
ence remained significant even after controlling for MVA
Figure 2. Graph of the mitral valve area (calculated by continuity equation) as

patients are in red while RMS patients are in blue. It can be readily appreciated

DMS group.
and MVG. Cn was numerically greater, but not significantly
so, in DMS subjects.

Repeat analyses incorporating all exclusions are dis-
played in Table 3. MVA and stroke volume remained
a function of mean mitral valve gradient for the entire study group. DMS

that the valve area-valve gradient relationship is displaced upward in the

www.ajconline.org


Figure 3. Plots depicting mitral valve area (top panel) and mean mitral valve gradient (bottom panel) in both RMS and DMS patients. Note that while mean

mitral valve gradient is only slightly lower in DMS vs RMS patients, mitral valve area is substantially greater in DMS vs RMS.
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greater in the DMS group; mean MVG remained numeri-
cally lower in DMS but the difference was no longer statis-
tically significant. On multivariate analysis, controlling for
age, sex, rhythm (sinus vs atrial fibrillation), and mean
MVG, stroke volume remained significantly different
between the 2 types of mitral stenosis (p = 0.0002).
Discussion

DMS is an increasingly common cause of mitral stenosis
in the Western World.2,7 Yet, little is known about this type
of mitral stenosis in comparison with that due to RMS.
There are major differences in demographics and associated
comorbidities between the 2. Patients with RMS are youn-
ger while DMS patients are more often hypertensive and
diabetic, and have more chronic kidney disease and coro-
nary artery disease8.

Valvular geometry is also different between the 2 types
of valve pathology. Rheumatic disease classically leads to a
dome-shaped mitral valve with a roughly circular or
“fishmouth” orifice. In this case the defining anatomic
lesion is commissural fusion while the valve leaflets may
remain flexible. By contrast, in DMS the commissures
remain open. Stenosis occurs because of bulky calcium
deposits in the annulus that extend onto the basal portion of
the leaflets making them rigid. This displaces the valvular
hinge points away from their annular attachments toward
the midportion of the valve. Thus, stenosis is created at the
level of the annulus4 and leaflet bases (Figure 6). Distinct
from RMS the commissures remain open and the orifice at
the leaflet tips is crescent shaped (Figure 1).

Because DMS patients are older and have more comor-
bidities they are expected to have more myocardial disease
than RMS patients. In particular, diastolic dysfunction
likely plays a greater role in the disease pathophysiology.
In keeping with this, estimated PASP was higher in the
DMS group vs RMS. Yet, indexed left atrial volume was
higher in RMS. This might be due to the smaller MVA and/
or greater prevalence of atrial fibrillation in the RMS group.
Additionally, DMS patients would be expected to have a
stiff, noncompliant atrium because of greater age and bur-
den of comorbidities. RMS patients, at least early in the dis-
ease, might have greater atrial compliance.

Perhaps the most interesting finding in the present study
is the discrepancy between the transmitral gradient and
MVA when comparing RMS and DMS. Although the mean



Figure 4. Indexed left atrial volume area in RMS vs DMS patients. Note the number of outliers with very high left atrial volume among the RMS patients.
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gradient was only slightly different between the 2 groups,
valve area was substantially larger in the DMS patients.
This gradient-area discrepancy might be explained by
the higher stroke volume in the DMS patients: greater
stroke volume leads to increased flow across the mitral
valve and higher mean gradients. Another possible
explanation relates to differences in age and comorbid-
ities between groups - these could produce differences
in atrial and ventricular compliance leading to different
gradient-valve area relationships in the 2 groups. The
importance of this finding is that the same MVG herald-
ing severe RMS might not indicate severe stenosis in
Table 3

Doppler echocardiographic parameters with all exclusions*

RMS (n = 446)

Stroke volume (ml) 54.0 § 14.1

Mean mitral valve gradient (mm Hg) 8.90 § 4.26

Mitral valve area − Continuity equation 0.86 § 0.27

* Severe aortic stenosis, ≥moderate regurgitation (mitral or aortic), atrial fibrilla
MAC patients. If confirmed, this would mean we cannot
apply the same MVG guidelines to assess DMS as are
used in assessing severity of RMS.

This study has certain limitations. We compared a
largely African-American population with DMS to a
Korean population with RMS. This was necessitated by the
paucity of RMS and rising prevalence of DMS in the United
States, whereas the opposite situation pertains in Korea. It is
possible that unrecognized racial/ethnic differences could in
part explain our findings. However, these differences would
be unlikely to explain the substantially altered MVA/MVG
relation illustrated in Figure 2. In addition, while Doppler
DMS (n = 30) p Value

65.6 § 16.6 <0.0001
7.63 § 2.19 0.10

1.19 § 0.21 <0.0001

tion, or dialysis

www.ajconline.org


Figure 5. Pulmonary artery systolic pressure in RMS vs DMS patients. Mean values are 10 mm Hg higher among DMS patients as compared to RMS

patients.

Figure 6. 3D TEE image (as viewed from the left atrium) of a DMS

patient illustrating the tunnel-like stenosis created by bulky calcium depos-

its at the annular level. This figure is for illustrative purposes; 3D echocar-

diography was not employed for this study.
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echocardiography has been validated in RMS its use has not
been validated for assessment of DMS. The unique geome-
try of the DMS valve might affect the accuracy of Doppler
measurements.

In summary, the clinical profile of DMS is quite different
from that of RMS. DMS patients are older and have more
comorbidities. They also have a different hemodynamic
profile with a shifted mean gradient/MVA relationship.
This appears to be due to higher stroke volume in these
patients as compared with RMS. Finally, DMS patients
have a higher pulmonary pressure while RMS patients tend
to have larger left atrial size.
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