The NEW ENGLAND JOURNAL of MEDICINE

too late in the course of the disease. Further
analyses are needed to define more appropriate
selection criteria for heart teams in choosing a
percutaneous strategy in patients with secondary
mitral regurgitation.
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Transcatheter Mitral-Valve Repair in Patients with Heart Failure

To THE EDITOR: The trials conducted by Obadia
et al. (Percutaneous Repair with the MitraClip
Device for Severe Functional/Secondary Mitral
Regurgitation [MITRA-FR])'! and Stone et al.
(Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy for Heart Fail-
ure Patients with Functional Mitral Regurgitation
[COAPT])? (both in the Dec. 13 issue) provide
contradictory evidence on the efficacy of trans-
catheter mitral-valve repair for functional mitral
regurgitation. Although the reasons for the dif-
ferences in outcomes are unclear, inconsistencies
in the data in the COAPT trial highlight the dif-
ficulty of quantifying the severity of functional
mitral regurgitation. Patients had a mean (£SD)
effective regurgitant orifice area of 0.41+0.15 cm?,
which would correspond to a mitral regurgitant

Table 1. Left Ventricular Stroke and Regurgitant Volumes in the COAPT Trial.*
Characteristic Device Group Control Group
LVEDV — ml 194.4+69.2 191.0+72.9
LVESV — ml 135.5+56.1 134.3+60.3
Effective regurgitant orifice area — cm? 0.41+0.15 0.40+0.15
Total stroke volume (LVEDV minus LVESV) 59.4 56.7
—ml
Mitral regurgitant volume — ml+ >45-60 >45-60
Forward stroke volume (total stroke volume 0-15 0-15
minus mitral regurgitant volume) — ml

* Plus—minus values are means +SD. LVEDV denotes left ventricular end diastolic
volume, and LVESV left ventricular end systolic volume.

T The estimated mitral-regurgitant volume is based on an effective regurgitant
orifice area of 0.40 cm?.
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volume of at least 45 to 60 ml.> Data from the
trial also indicate that patients had a total left
ventricular stroke volume of approximately 60 ml
(left ventricular end diastolic volume minus left
ventricular end systolic volume) (Table 1). These
two findings are incompatible. If the total ven-
tricular stroke volume is 60 ml, then the regurgi-
tant volume is a portion of this and the forward
stroke volume is the balance (total stroke vol-
umeequals mitral regurgitant volume plus for-
ward stroke volume). Therefore, in the COAPT
trial, the forward stroke volume is 0 to 15 ml,
which would be incompatible with life. These
data require clarification.
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To THE EDITOR: The COAPT trial confirms that
mitral-valve repair for severe regurgitation de-
creases the morbidity and mortality associated
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with secondary mitral-valve disease. The trial
also demonstrates the essential role of imaging
in planning and guiding intervention.

In the trial, anatomical lesions that resulted
in regurgitation were identified with transesoph-
ageal echocardiography during pretrial evalua-
tion. Trial inclusion required an interventionalist
to select patients whose anatomy was suitable
for percutaneous repair. This requirement intro-
duced a strong selection bias in favor of long-
term benefit with percutaneous intervention. In
contrast, image-guided anatomical selection was
not used in a related trial conducted by the Car-
diothoracic Surgical Trials Network." This dis-
parity may account for the difference in results
between these two trials. Lack of standardized
preoperative image guidance may also be con-
tributing to the trend away from surgical repair
of primary mitral-valve disease.? In contrast, proto-
col-driven, image-guided surgical repair is as-
sociated with excellent freedom from recurrence
of both primary and secondary regurgitation.?

Durable mitral-valve repair should be per-
formed in patients with severe regurgitation.
Anatomically based image guidance is manda-
tory for both percutaneous and surgical repair.
Trial design should include indexes of anatomi-
cal distortion.* We believe that evidence-based
anatomical staging of secondary mitral-valve dis-
ease should be part of any repair.
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TO THE EDITOR: Transcatheter repair of second-
ary mitral regurgitation was associated with im-
proved survival and symptomatic benefit in the
COAPT trial. No beneficial outcome was report-
ed in the MITRA-FR trial.

Secondary mitral regurgitation responds to
medical treatment of heart failure as long as
heart failure drives secondary mitral regurgita-
tion. However, when the roles reverse and sec-
ondary mitral regurgitation drives heart failure,
the resulting entity — valvular heart failure —
no longer responds to medical treatment.! The
severity of mitral regurgitation was greater, and
left ventricular dilatation less severe, in the
COAPT trial population, suggesting that mitral
regurgitation was an important contributor to
heart failure symptoms. Could the COAPT trial
results be due to the presence of valvular heart
failure, and would mitral-valve replacement have
produced similar results?

Left atrial pressure reduction with an inter-
atrial shunt device ameliorates symptoms in
heart failure with preserved ejection fraction.?
Furthermore, left atrial pressure reduction with
transcatheter repair of mitral regurgitation is
associated with improved exercise tolerance in
patients with primary mitral regurgitation and
in COAPT trial candidates.® Could left atrial pres-
sure reduction explain the COAPT trial results?
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TO THE EDITOR: Many groups are trying to recon-
cile the divergence in results reported in the
MITRA-FR and COAPT trials regarding the ef-
fectiveness of transcatheter mitral-valve repair in
patients with secondary mitral regurgitation.
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Why is there an absence of benefit in the MITRA-FR
trial and a dramatic improvement in clinical out-
comes in the COAPT trial? The left ventricular
dimension was, on average, greater among pa-
tients in the MITRA-FR trial, which reflects more
advanced disease. Perhaps more important, in
the COAPT trial, nearly 60% of screened patients
(911 of 1576) did not undergo randomization.
The success of the MitraClip device is critically
dependent on whether strict echocardiographic
criteria are met. Enrollment was supervised by
the sponsor (Abbott) in the COAPT trial and was
physician-led and independent of industry in the
MITRA-FR trial. The results of the COAPT trial
suggest that transcatheter mitral-valve repair may
be beneficial in highly selected patients with heart
failure who have secondary mitral regurgitation.
However, we are concerned that the real-world
effect of this therapy may prove to be more like
the results presented in the MITRA-FR trial.
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THE AUTHORS REPLY: Crestanello et al. question the
apparently low forward stroke volume calculated
from the total left ventricular stroke volume,
which was determined by applying Simpson’s
method to two-dimensional biplane echocardio-
graphic measurements and using an assumed
regurgitant volume. The actual mean forward
stroke volume in the COAPT trial as measured with
Doppler was 51 ml, and the regurgitant volume
as measured with the use of the PISA (proximal
isovelocity surface area) method was 59 ml, values
that are consistent with severe mitral regurgitation.
There are several reasons for the discrepancies
from Crestanello’s theoretical extrapolation, in
which two-dimensional and Doppler data are com-
bined, the most important being the substantial
underestimation of left ventricular volume (and
stroke volume), as determined by two-dimension-
al echocardiography with the use of Simpson’s
rule, especially in patients with dilated ventricles,
such as those enrolled in the COAPT trial.!
Drake et al. posit that a lack of imaging guid-
ance resulted in a high rate of recurrence of
mitral regurgitation after surgical repair with a

N ENGL J MED 380;20

OURNAL of MEDICINE

downsized annuloplasty ring in the trial con-
ducted by the Cardiothoracic Surgical Trials Net-
work. That trial used detailed echocardiographic
analysis to gauge patient suitability for inclusion.
A post hoc subanalysis defined the anatomical
features shown on echocardiography that were
predictive of a durable surgical repair.> Ongo-
ing, detailed echocardiographic analyses in the
COAPT trial will further delineate the anatomi-
cal features that predict favorable outcomes after
transcatheter mitral-leaflet approximation. We do
agree that image-guided assessment is essential
to the identification of a responder population
and that in the future it may direct patient-
specific intervention (leaflet repair, annuloplasty,
or valve replacement).

What Garbi and Lancellotti term valvular
heart failure secondary to mitral regurgitation,
Grayburn et al.® designate as disproportionate
mitral regurgitation and Carabello* calls tertiary
mitral regurgitation. Regardless of the nomen-
clature, we agree that relative to the MITRA-FR
trial, the COAPT trial investigators enrolled a
greater proportion of patients in whom progno-
sis was dictated more by the severity of mitral
regurgitation than by the degree of left ventricu-
lar dysfunction — a major reason why patients in
the COAPT trial, but not those in the MITRA-FR
trial, benefited from transcatheter mitral-valve
repair. We further agree that reduction in left
atrial pressure (and volume) was probably respon-
sible for many of the clinical benefits associated
with transcatheter mitral-valve repair in the
COAPT trial. Mitral-valve replacement offers the
potential for greater reduction in mitral regurgi-
tation than transcatheter mitral-valve repair.
Whether the procedure will provide sufficiently
greater clinical effectiveness warranting a poten-
tially more complex and complicated procedure
is uncertain and can only be addressed by means
of adequately powered randomized trials.

Finally, Kalavrouziotis et al. are incorrect in
stating that enrollment in the COAPT trial was
“supervised” by the sponsor. Rather, investigators
at each site determined whether screened patients
met prespecified enrollment criteria, a determi-
nation that was then confirmed by a physician-
led, sponsor-independent, central eligibility com-
mittee and echocardiographic core laboratory.
We believe that practitioner fidelity to the inclu-
sion and exclusion criteria used in the COAPT
trial should lead to duplication of our results in
the real world.
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Organoids — Preclinical Models of Human Disease

TO THE EDITOR: Li and Izpisua Belmonte (Feb. 7
issue)! systematically used organoids to establish
various kinds of preclinical models of human
diseases. However, they do not fully discuss
possible modeling of the tumor immune micro-
environment.

We do not entirely agree with the authors that
three-dimensional organoids are more limited
than animal models because of their lack of
vascularization and an immune system. Increas-
ing numbers of studies have supported the use
of three-dimensional organoid models for holis-
tic study of the tumor immune microenviron-
ment.>> Three-dimensional organoids represent
the in vivo interaction of tumor and immune
cells in the tumor microenvironment, and patient-
derived organoids incorporating tumor stromal
components may help to promote the develop-
ment of precision therapies for cancer.?

Moreover, human tumor suspension—derived
microspheroids containing immune cells can have
a response to immunotherapeutic agents and
provide support for the use of three-dimensional
organoid models to evaluate changes in the tumor
immune microenvironment.>* Although organoids
may be a new platform for preclinical models of
human diseases, their use for analyzing the tu-
mor immune microenvironment and tumor im-
munotherapy should be carefully considered.
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TO THE EDITOR: Li and Izpisua Belmonte com-
prehensively review the translational potential
of organoid technology, including the ability to
create microtissues with the use of scaffold-free
synthesis, bioprinted scaffolds, or biopolymers.
Similarly, three-dimensional printing techniques
include additive manufacturing of unmodified as
well as bioactivated materials; these techniques
enable organoid studies of complex microenviron-
ments that may be more clinically relevant.? Three-
dimensional printed templates can be used to
construct tailored organoid systems such as
organoid “cages,” cell exclusion spacers, multi-
cellular invasion systems, and high-throughput
cell-culture wells that incorporate bioactive
agents.>* Merging such three-dimensional print-
ed design elements into trials of organoids would
permit exceptionally diverse biomimetic cellular
interactions and more uniform localized drug-
release systems for organoid pharmacodynamic
models.

Such constructs are easy to customize and
can be produced with commercial three-dimen-
sional printers using preexisting design tem-
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