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OBJECTIVES This study sought to describe the 1-year experience with the transcatheter FORMA system for severe

tricuspid regurgitation (TR).

BACKGROUND Severe TR is associated with significant morbidity and mortality. Novel transcatheter therapies have

been recently developed.

METHODS Eighteen patients underwent device implantation at 3 centers in Canada and Switzerland. Baseline

characteristics, procedural, 30-day, and 1-year outcomes were prospectively evaluated using multimodality imaging

and hemodynamic and clinical assessments.

RESULTS Procedural success was achieved in 16 (89%) patients. Unsuccessful procedures were because of right

ventricular perforation requiring open surgery and device dislocation. At 1 year there were no deaths, significant

arrhythmias, device infections, or dislocations. Thrombus was observed on 1 device at 4 months and there was 1

rehospitalization for heart failure. Among the 14 patients with successful device implantation and 1-year follow-up, 79%

were in New York Heart Association functional class I/II (p < 0.001), the average 6-min walk test increased by 84 m

(p ¼ 0.03), and the Kansas City Cardiomyopathy Questionnaire heart failure score improved by 18 points (p ¼ 0.02)

compared with baseline. Echocardiography showed a reduction of TR from severe in 17 of 18 (94%) patients at baseline

to moderate-severe or less in 11 of 16 patients (69%) by 30 days (p ¼ 0.001) and 6 of 13 patients (46%) by 1 year

(p ¼ 0.01). The diameters of the tricuspid annulus and the right ventricle were reduced at 1 year (45.7 � 4.8 mm to

42.1 � 4.4 mm, p ¼ 0.004; 54 � 5.3 mm to 49.9 � 4.3 mm, p ¼ 0.02, respectively).

CONCLUSIONS Implantation of the FORMA system in high-risk patients with severe TR shows feasibility with a

good mid-term safety profile. At 1 year, despite variable success in reducing echocardiographic TR grade, there were

significant clinical improvements and reductions in right ventricular dimensions. (J Am Coll Cardiol Intv
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AB BR E V I A T I O N S

AND ACRONYM S

AF = atrial fibrillation

EROA = effective regurgitant

orifice area

RA = right atrium

RV = right ventricle

TEE = transesophageal

echocardiography

TR = tricuspid regurgitation

TTE = transthoracic

echocardiography

VC = vena contracta
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T ricuspid regurgitation (TR) is a common
valvular disease (1) most often occurring sec-
ondary to dilation of the right ventricle (RV)

and of the tricuspid annulus (2,3). Moderate-to-
severe TR is associated with increased mortality
(4,5). TR has been observed to develop late after
left-sided valve surgery in up to 10% of patients,
with an adverse impact on clinical outcomes (6). Sur-
gical repair of moderate-to-severe TR improves long-
term survival when performed in conjunction with
left-sided valvular surgery (7–9).

Isolated surgery for correction of TR is rarely per-
formed and is associated with significant surgical
mortality (10,11) because of comorbidities, such as RV
dysfunction, pulmonary hypertension, and prior
open-heart surgical procedures (12). The significant
risk of isolated TR surgery and the large number of
patients with uncorrected severe TR has led to the
recent development of novel transcatheter ap-
proaches to treat patients who are at high surgical risk
(13–17).
SEE PAGE 2004
The FORMA system (Edwards Lifesciences, Irvine,
California) is a spacer device placed within the
tricuspid valve over a rail that is anchored into the RV
myocardium. The spacer acts as a surface for valve
leaflet coaptation, with the aim to reduce the
regurgitant orifice. The device concept, the details
of the implantation process, and initial 30-day first-
in-human clinical outcomes have been described
previously (18). The aim of this study is to report the
1-year clinical and echocardiographic outcomes of
the first-in-human, multicenter, compassionate use
experience with the FORMA system.

METHODS

PATIENTS AND PARTICIPATING SITES. Patients
treated in 2 centers in Canada and 1 center in
Switzerland were included. All patients had severe
symptomatic TR and were assessed by institutional
heart teams to be inoperable because of unacceptable
surgical risks. The patients in Canada were treated
under a special access protocol approved by Health
Canada, and the patients in Switzerland were treated
under the conditions of the Compassionate Use Pro-
gram of the Swiss Agency for Therapeutic products
(Swissmedic). All patients provided informed consent
consultant for and has received research grants from Edwards Lifesciences
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for the procedures. Important exclusions
included primary TR or prior tricuspid sur-
gery. Patients with reduced RV function se-
vere pulmonary hypertension and dilated RV
and right atrium (RA) were included. Patients
with severe concomitant valvular diseases or
severe left ventricular dysfunction were
excluded. Patients with pacemakers or de-
fibrillators were included after enrollment of
the first 15 patients.

CARDIAC IMAGING METHODS. Transthoracic
echocardiography (TTE) and transesophageal
echocardiography (TEE) were both performed

before the procedures. The right-sided structures
were assessed with a focus on tricuspid valve anat-
omy and TR graded according to published guidelines
(19,20). During the procedure, TEE guiding served to
localize the implantation site and confirm correct
anchoring of the device in the myocardium of the RV
apex. In addition, device placement was optimized
under continuous echocardiographic appreciation of
TR reduction. In the case of the presence of a RV
pacemaker lead, TEE was used to exclude adhesion of
the pacemaker lead to any of the valve leaflets.
RV measurements were performed in end diastole
from apical 4-chamber view for tricuspid annulus,
basal, and mid-RV. RV function was evaluated using
current indices for moderate/severe RV dysfunction
including tricuspid annular plane systolic excursion
(<15 mm) and tricuspid annulus systolic velocity
(<11 cm/s). All studies were interpreted by a
consensus of 2 echocardiographers.

All patients underwent electrocardiogram-
synchronized multidetector cardiac computed to-
mography. The recorded images were used to measure
tricuspid annular dimension, mid-ventricular diam-
eter, and the distance from the valvular annulus to
the RV apex (21). In addition, the configuration of the
subvalvular apparatus including the position of the
papillary muscles, the moderator band, and pacing
leads were assessed. The target anchoring site was
selected based on a sagittal computed tomography
reconstruction perpendicular to the tricuspid annulus
by drawing a perpendicular line linking the tricuspid
plane with the RV septal free wall groove (Figure 1)
(Circle Cardiovascular Imaging, Calgary, Alberta,
Canada). Based on this projection, a fluoroscopic
angulation allowing perpendicular representation
. All other authors have reported that they have no
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FIGURE 1 Pre-Procedural Contrast Enhanced CT Derived 2D and 3D Images

(A) Important anatomical structures of the right heart: right atrium, right ventricle, the

tricuspid valve leaflets and annular plane (white arrows) and a prominent moderator

band (star). (B) Sagittal reconstruction delineating the annular plane (white arrows) and

the planned anchoring site (yellow arrow). CT ¼ Computed tomography; RA ¼ right

atrium; RV ¼ right ventricle.
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of the tricuspid annulus was defined. Finally, the
information collected was computed to obtain a
3-dimensional-printed model of the right heart cham-
bers including the access vessels (subclavian and
axillary veins) enabling simulation of the device
implantation process.

HEMODYNAMIC ASSESSMENT. Right heart pressure
measurements for assessment of pre- and post-
procedural hemodynamics were obtained in all
patients. Post-procedural and 30-day measurements
were obtained at 1 center (n ¼ 6).

EDWARDS FORMA SYSTEM IMPLANTATION PROCESS.

Procedures were performed under general anesthesia
with TEE, fluoroscopic, and hemodynamic moni-
toring. Vascular access for a 24-F catheter vascular
sheath was gained through the left subclavian vein by
surgical cut-down or axillary vein puncture under
angiography guidance. Vascular closure was achieved
either surgically or with the use of a Perclose Proglide
closure system (Abbott Vascular, Santa Clara, Cali-
fornia). The 12- and 15-mm diameter FORMA spacers
were available.

CLINICAL AND ECHOCARDIOGRAPHIC ENDPOINTS.

Patients were seen at baseline, in-hospital, at 30 days,
and at 1 year. Visits included a detailed clinical
assessment, blood testing, and TTE evaluation. Major
clinical endpoints were defined according to the
updated Valve Academic Research Consortium-2
criteria (22). Peripheral edema was scored as:
none ¼ 0, ankle ¼ 1, shin ¼ 2, thigh ¼ 3, anasarca ¼ 4.

TR severity was graded as mild, moderate,
moderate-to-severe, severe, and very severe. The
severity of TRwas determined primarily based on vena
contracta (VC) width, color jet area, and in selected
patients proximal flow convergence method. Systolic
flow reversal in the hepatic veins and dilated RV
chambers and interior vena cava were considered as
weighting toward severe TR. VC width was measured
in apical 4-chamber view (and in RV inflow and para-
sternal short axis when feasible). The largest mea-
surement of VCwidth was used for TR severity grading
($7 mm corresponding to severe). Effective regur-
gitant orifice area (EROA) by proximal convergence
method of$40mm2denoted severe TR. TR jet area>10
cm2 indicated severe TR. Given that many patients in
the study group had very large regurgitant orifice
areas, an arbitrary category of very severe TR was
created, therefore enabling the recognition of the po-
tential for improvementwithin the severe TR category.
VC width $12 mm and EROA $120 mm2 were consid-
ered very severe TR. Severe pulmonary hypertension
was diagnosed if 1 of the following was present at
baseline: 1) the mean pulmonary arterial pressure as
measured by invasive hemodynamicswas>40mmHg;
2) peak RV systolic pressure was measured by echo-
cardiography as >60 mm Hg; and 3) a patient was
receiving specific pulmonary vasodilators for treat-
ment of chronic pulmonary hypertension.

STATISTICAL ANALYSIS. Descriptive summaries are
reported for all FORMA cases, and separately by
length of follow-up. Continuous variables are pre-
sented as mean � SD and were compared using
Student t test, or paired t test for repeated measures.
When appropriate, confidence intervals for means
were reported as well. Categorical variables are pre-
sented as frequencies and percentages and were
compared using the chi-square or Fisher exact test.
Statistical significance was defined as p < 0.05.
Analyses were performed using GraphPad Software
(La Jolla, California).



TABLE 1 Baseline Characteristics (N ¼ 18)

Age, yrs 76.0 � 9.7

Female 13 (72)

Body mass index, kg/m2 27.2 � 5.7

Serum creatinine, mmol/l 131 � 74

Clinical features of heart failure

Exertional dyspnea 18 (100)

Lower extremity edema 12 (67)

Secondary tricuspid regurgitation 18 (100)

Severe pulmonary hypertension* 6 (33)

B-type natriuretic peptide, pg/ml 441 � 432

N-terminal pro–B-type
natriuretic peptide, pg/ml

2,812 � 2,798

Daily furosemide dose, mg† 85 � 73

NYHA functional class

II 1 (6)

III 14 (78)

IV 3 (17)

EuroSCORE II 9.0 � 5.7

6-min walk test 256 � 103

Kansas City Cardiomyopathy Questionnaire 63.0 � 20.4

Coexisting conditions

Hypertension 16 (89)

Diabetes 2 (11)

Creatinine clearance <30 ml/min (eGFR) 3 (17)

Atrial fibrillation 16 (89)

Coronary artery disease 10 (56)

Previous open-heart surgery 13 (72)

Previous left-sided valvular surgery 9 (50)

Aortic 4 (22)

Mitral 6 (33)

Stroke/TIA 2 (11)

COPD 5 (28)

Pacemaker/defibrillator 3 (17)

Values are mean � SD or n (%). *Mean pulmonary artery pressure >40 mm Hg or
peak systolic pressure >60 mm Hg, or specific medical treatment for pulmonary
arterial hypertension. †When patients received torsemide, a conversion ratio of 2:1
was used for calculating an equivalent dose of furosemide.

COPD ¼ chronic obstructive pulmonary disease; eGFR ¼ estimated glomerular
filtration rate; NYHA ¼ New York Heart Association; TIA ¼ transient ischemic
attack.

TABLE 2 Procedural Variables

First 15 Patients
(n ¼ 15)

All Patients
(n ¼ 18)

Left subclavian vein access 15 (100) 17 (94)

Right subclavian vein access 0 (0) 1 (6)

Left-sided pacemaker present 0 (0) 2 (11)

Right-sided pacemaker present 0 (0) 1 (6)

FORMA spacer size implanted

15 mm 14 (93) 16 (89)

12 mm 1 (7) 1 (6)

Retrieval attempt/success 3 (20)/1 (7) 3 (17)/1 (6)

Venous closure

Surgical 11 (73) 13 (72)

Perclose device 4 (27) 5 (28)

Procedure time, skin-to-skin, min 131 � 30 129 � 31

Fluoroscopy time, min 23.9 � 7.1 24.7 � 7.3

Contrast media, ml 71 � 28 65 � 29

Successful device implantation* 14 (93) 16 (89)

Dislocation of spacer into right atrium 1 (7) 1 (6)

Conversion to surgery 0 (0) 1 (6)

Sustained ventricular arrhythmia 1 (7) 1 (6)

Mortality 0 (0) 0 (0)

Values are n (%) or mean � SD. *A successful implantation of a FORMA spacer in
the tricuspid valve resulting in an acute reduction of tricuspid regurgitation by at
least 1 grade, with no need for surgical conversion or procedural death.

EROA ¼ effective regurgitant orifice area.
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RESULTS

BASELINE CHARACTERISTICS. Eighteen patients
were treated with the FORMA system between
February 2015 and July 2016. To date, all patients are
being followed and 15 patients have undergone 1-year
follow-up. Mean age was 76 � 9.7 years and 72% were
female. As shown in Table 1, patients were high risk
for surgery as estimated by a EuroSCORE II score of
9.1 � 5.7%. Thirteen patients (72%) had a history of
previous open-heart surgery, most often left-sided
valvular surgery (56%). Additional comorbidities
included atrial fibrillation (AF) (89%) and severe
pulmonary hypertension (33%).
CLINICAL PRESENTATION. Fatigue and exertional
dyspnea were reported in all cases, and 67% of the
patients had accompanying significant peripheral
edema. Within the 12 months preceding the proced-
ure, 10 patients (56%) required hospitalization for
treatment of heart failure. Patients were taking an
average daily dose of 85 mg of furosemide (or
equivalent torasemide) for treatment of heart failure.
New York Heart Association functional class was III or
more in 94% of participants and the average 6-min-
walk test distance was 256 � 103 m.

PROCEDURAL AND HOSPITAL COURSE. Procedural
characteristics are detailed in Table 2. Vascular access
was achieved through the left subclavian or axillary
veins in all cases; surgical closure was performed in
72%. Mean skin-to-skin procedure time was 129 � 36
min. One procedure (6%) was performed with the 12-
mm device, and an additional procedure was initially
attempted with a 12-mm spacer that was replaced
with a 15-mm spacer because of insufficient efficacy
of the smaller device.

Procedural success was achieved in 16 patients
(89%). One patient’s device dislocated into the RA a
few hours after the intervention because of inade-
quate anchoring. A second patient experienced a
perforation of the RV during positioning of the guid-
ing catheter at the apex, necessitating emergent



TABLE 3 30-Day and 1-Year Clinical Outcomes

30 Day
(n ¼ 18)

1 Year
(n ¼1 5)

Death 0 (0) 0 (0)

TIA 1 (6) 1 (7)

Myocardial infarction 0 (0) 0 (0)

Rehospitalization for heart failure 0 (0) 1 (7)

Access-related bleeding

Life threatening* 1 (6) NA

Major† 1 (6) NA

Minor 2 (11) NA

Other bleeding events, minor GI 0 (0) 1 (7)

Vascular complications

Major 0 (0) NA

Minor 1 (6) NA

Hospital stay, days 4 (2–5) NA

Acute kidney injury $2 0 (0) 1 (7)

Sustained ventricular arrhythmia‡ 0 (0) 0 (0)

Pulmonary embolism 0 (0) 0 (0)

New pacemaker 0 (0) 0 (0)

Device thrombosis§ 0 (0) 1 (7)

Infectionk 1 (6) 4 (27)

Values are n (%) or median (interquartile range). *Tamponade from right ventricle
perforation that necessitated surgical repair. †Pocket hematoma with nerve
compression (paresthesia). ‡Not occurring during the procedure. §Occurred in a
patient with nontherapeutic international normalized ratio levels, resolved with
resumption of adequate anticoagulation. kThree cases of pneumonia (twice in the
same patient), 1 case of cholecystitis, and 1 case of leg cellulitis.

GI ¼ gastrointestinal; IQR ¼ interquartile range; NA ¼ not applicable; other
abbreviation as in Table 1.

FIGURE 2 Functional Status After FORMA System Implantation

Functional status at baseline, 30 days, and 1 year was assessed by New

Kansas City Cardiomyopathy Questionnaire score. The 30-day and 1-yea

The p values were calculated for the comparison between baseline and

NYHA ¼ New York Heart Association.
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conversion to repair the perforation and to perform
surgical tricuspid annuloplasty, which was done
uneventfully with a good final result.

There were no procedural deaths, myocardial
infarctions, or pulmonary embolisms. One patient
had a prolonged hospital course because of pneu-
monia, transient ischemic attack, mild access site
bleeding, and mild acute kidney injury. Two patients
had intraprocedural sustained ventricular ectopy that
resolved with repositioning of the anchoring rail. Two
other patients had frequent premature ventricular
beats that subsided within 24 h under medical treat-
ment (beta-blockers). In 1 patient, paresthesia of the
left hand developed as a result of an access
site hematoma. Median hospital stay was 4 days
(interquartile range: 2 to 5 days); it is noteworthy that
at 1 center the last 3 patients were discharged within
24 h after the procedure.

ONE-YEAR CLINICAL OUTCOMES. At 1 year, there
were no deaths, no surgical site or device infections,
no pulmonary embolisms, and no significant
arrhythmias requiring device or antiarrhythmic
intervention (Table 3).

Overall, functional status improved significantly by
30 days in patients with successful implantation of the
FORMA system. Clinical improvement was sustained
over 1 year of follow-up; New York Heart Association
York Heart Association functional class, 6-min walk test, and the

r results are not presented for 2 patients with failed procedures.

1 year results. KCCQ ¼ Kansas City Cardiomyopathy Questionnaire;



TABLE 4 1 Year Functional and Laboratory Outcomes

Baseline
(n ¼ 18)

30 Day
(n ¼ 16)*

1 Year
(n ¼ 14)* D Paired (95% CI) p Value

NYHA functional class 3.1 � 0.5 2.0 � 0.5 2.0 � 0.9 �1.1 (�1.7 to �0.6) 0.0006

NYHA functional class I/II 1 (6) 15 (94) 11 (79) 0.0001

Hospitalization for heart failure† 10 (56) 0 (0) 1 (7) 0.008

6-min walk test, m 258 � 127 327 � 93 342 � 85 84 (159 to 10) 0.032

Kansas City Cardiomyopathy Questionnaire score 68.7 � 12.3 83.6 � 5.4 86.4 � 12.5 17.7 (32.7 to 2.6) 0.02

Edema score 1.6 � 1.3 1.1 � 0.9 0.5 � 0.7 �1.1 (�1.7 to �0.6) <0.0001

Weight, kg 73.3 � 14.1 73.7 � 15.5 74.1 � 15.8 0.9 (1.9 to �3.7) 0.51

Daily furosemide dose, mg 80 � 48 80 � 62 72 � 47 �8 (�22 to 39) 0.56

B-type natriuretic peptide, pg/ml 441 � 432 482 � 474 NA NA NA

N-terminal pro–B-type natriuretic peptide, pg/ml 3,264 � 2,973 3,193 � 2,830 2,720 � 2,148 �543 (�1,821 to 734) 0.35

eGFR, ml/min 42.2 � 17.0 46.6 � 19.5 46.9 � 20.9 4.7 (10.0 to �0.6) 0.07

Hemoglobin, g/dl 11.8 � 2.5 11.3 � 1.5 11.5 � 1.8 �0.3 (�1.5 to 0.9) 0.54

Values are mean � SD or n (%), unless otherwise indicated. The p values and change in mean values were calculated for paired data at baseline and 1 year. Edema was scored as:
none¼ 0, ankle ¼ 1, shin ¼ 2, thigh ¼ 3, anasarca¼ 4. *Data do not include 2 patients with failed procedures. †Baseline hospitalization events refers to the 12 months preceding
the procedure.

CI ¼ confidence interval; other abbreviations as in Table 1.

FIGURE 3 FORMA Device Thrombosis

(A) Transthoracic echocardiography performed 4 months after FORMA implantation

revealed a thrombus (arrow) attached to the atrial side of a 12-mm spacer. (B) After

resumption of adequate anticoagulation the thrombus resolved and was not seen at the

1-year transthoracic echocardiography evaluation.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 0 , N O . 1 9 , 2 0 1 7 Perlman et al.
O C T O B E R 9 , 2 0 1 7 : 1 9 9 4 – 2 0 0 3 TR Repair With Transcatheter Coaptation System 1-Year Results

1999
functional class improved in 12 of 14 (86%) patients
with a FORMA device in place (Figure 2).

The improvement in functional status translated
into significant increases in the distance walked
during 6 min and in the Kansas City Cardiomyopathy
Questionnaire heart failure score. Rehospitalization
for heart failure occurred in only 1 patient after suc-
cessful FORMA device implantation. This represents a
significant reduction compared with the rate (56%) of
hospitalizations during the 12 months before the
procedure (Table 4).

The severity of peripheral edema significantly
improved compared with baseline, with only 1 patient
presenting with an edema score higher than grade
1 (ankle level) versus 13 patients (72%) at baseline
(p ¼ 0.008). Subsequently, the use of diuretics also
decreased by 1 year (Table 4).

Levels of N-terminal pro–B-type natriuretic pep-
tide decreased in most patients (3,264 � 2,973 pg/ml
at baseline vs. 2,720 � 2,148 pg/ml at 1 year; p ¼ 0.39).
Similarly, kidney function (measured as glomerular
filtration rate) improved after FORMA implantation
(42.2 � 17 ml/min at baseline vs. 46.9 � 20.9 ml/min at
1 year; p ¼ 0.07), although these changes did not
reach statistical significance (Table 4).

One patient was diagnosed with thrombosis of a
12-mm spacer that occurred during hospitalization
for treatment of pneumonia 4 months post-procedure
(Figure 3). A previous TTE, 2 months earlier, had
shown a normal appearance of the device. This
patient had nontherapeutic international normalized
ratios on warfarin most probably explained by
the ongoing infection. Following antibiotic treatment
and resumption of adequate anticoagulation, the
thrombus resolved within 2 months. At 12 months, no
recurrence was observed and the patient was feeling
well (New York Heart Association functional class II).

Additional adverse events included a second tran-
sient ischemic attack 51 days after the procedure, in a
patient with permanent AF who had already experi-
enced a periprocedural event. Noncardiovascular
conditions leading to hospitalization included a hip
fracture in 1 patient, cholecystitis and recurrent
pneumonia in a second, and severe diarrhea in a
third.

ECHOCARDIOGRAPHIC FINDINGS. All patients
except 1 had severe TR at baseline with a remarkably



TABLE 5 1-Year Echocardiography Results

Baseline
(n ¼ 18)

30 Day
(n ¼ 16)*

1 Year
(n ¼ 13)*

D Paired
(95% CI) p Value

Tricuspid regurgitation grade

None/trivial 0 0 0 1.00

Mild 0 0 1 0.41

Moderate 0 9 2 0.17

Moderate-severe 1 2 3 0.28

Severe 6 4 4 1.00

Very severe† 11 1 3 0.07

Severe/very severe 17 5 7 0.01

EROA, mm2 103 � 61 44 � 25 100 � 52 NA NA

Vena contracta width, mm 12.1 � 3.3 7.1 � 2.2 8.3 � 3.9 �3.7 (�6.9 to �0.6) 0.02

Tricuspid annulus diameter, mm 45.7 � 4.8 42.7 � 5.2 42.1 � 4.4 �3.6 (�5.9 to �1.4) 0.004

Tricuspid mean diastolic gradient, mm Hg 2.2 � 0.8 2.0 � 0.8 1.4 � 0.4 �0.9 (�1.8 to 0.1) 0.08

RV systolic function‡

Normal 7 4 2 0.22

Mildly reduced 7 6 3 0.44

Moderately reduced 2 4 5 0.18

Severely reduced 1 2 3 0.29

RV diameter, base, mm 54.0 � 5.3 50.4 � 5.4 49.9 � 4.3 �4.2 (�7.4 to �0.9) 0.02

RV diameter, mid-ventricle, mm 42.9 � 7.6 40.4 � 5.5 41.8 � 5.6 �1.1 (�3.4 to 5.7) 0.59

TAPSE, mm 14.7 � 5.4 13.5 � 3.1 11.3 � 3.7 �3.4 (�8.1 to 1.2) 0.12

RV systolic pressure, mm Hg 43 � 13 48 � 11 47 � 19 3.0 (9 to �3) 0.25

Inferior vena cava diameter, mm 27 � 7 25 � 7 25 � 8 �2.0 (�2 to 6) 0.34

RA volume, ml2 143 � 59 142 � 59 142 � 56 �1.0 (21 to �19) 0.89

Mitral regurgitation $moderate 4 (22) 3 (23) 3 (28) 1.00

Left ventricle ejection fraction, % 59 � 9 61 � 9 60 � 7 1.0 (3 to �2) 0.54

Values are n, mean � SD, or n (%), unless otherwise indicated. The p values and change in mean values were calculated for paired data at baseline and 1 year. *Data do not
include 2 patients with failed procedures; additionally, echocardiographic data were missing for 1 patient at 1 year. †Very severe TR was categorized as a TR consistent with
severe TR but with a vena contracta >12 mm or an EROA >120 mm2. ‡Baseline imaging not sufficient for assessment of RV function in 1 patient.

EROA ¼ effective regurgitant orifice area; RA ¼ right atrium; RV ¼ right ventricle; TAPSE ¼ tricuspid annular plane systolic excursion; TR ¼ tricuspid regurgitation; other
abbreviations as in Tables 3 and 4.
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high proportion (61%) presenting with a VC >12 mm
or an EROA >120 mm2, thus subclassified as very
severe (or “torrential”) TR (Table 5). The etiology
of TR was secondary to RV annular dilatation in all
patients, most often in combination with left-sided
valvular heart disease or pulmonary hypertension.
RV dimensions were enlarged (mean annular diam-
eter, 46 � 6 mm). However, systolic RV function was
moderately or severely impaired in only 3 patients
(17%). Pulmonary arterial pressures were moderately
elevated in most patients (mean RV systolic pressure,
43 � 13 mm Hg) and severely elevated (>60 mm Hg) in
only 2 patients (11%).

The 30-day echocardiographic evaluation of TR
demonstrated a reduction of TR severity in all patients
with a successfully implanted device, except for 1.
Residual moderate TR was observed in most cases.
Five patients still had severe TR according to guide-
lines criteria, but there were no patients with very
severe TR (Table 5). At 30 days, there was evidence of
reduction of RV and RA sizes and a small increase in RV
systolic pressure (3 � 14 mm Hg on average).
After 1 year of follow-up, 3 patients had further
regression of TR to mild or moderate severity. How-
ever, 7 patients still had severe TR, but of these only 3
were subclassified as recurrent very severe TR. RV
diameters significantly decreased compared with
baseline measurements (mean diameter measured at
the base of the RV, 49.9 � 4.3 mm vs. 54.0 � 5.3 mm at
baseline; p ¼ 0.02).

Echocardiographic evidence of reverse RV remod-
eling, defined as a sustained decrease in RV
dimensions with concomitant evidence of significant
reduction of TR, was found in 4 patients (28%). This
translated into early and significant improvement of
both TR and clinical status in all 4 patients. Patients
with RV remodeling did not have severe pulmonary
hypertension and 3 of 4 patients had good systolic RV
function at baseline.

HEMODYNAMIC FINDINGS. Baseline mean RA pres-
sure was elevated (15.2 � 4.6 mm Hg) and RA systolic
V-wave was 25.1 � 7.7 mm Hg, signifying severe
TR. Pulmonary pressures were mildly elevated



FIGURE 4 Right Atrial Pressures Before and After FORMA System Implantation

Right atrial pressures, mean (blue line) and V-wave (red line), decreased immediately

after FORMA implantation and even further by 30 days. The right atrial V-wave pressure

was significantly lower than the baseline measurement by 30 days (p ¼ 0.049).

Abbreviation as in Figure 1.
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and pulmonary arterial systolic pressure was 39.7 �
9.7 mm Hg.

Immediately after placement of the FORMA system
a reduction in RA pressures, especially the V-wave,
was observed in most patients. Mean RA pressure was
reduced to 12.1 � 5.3 mm Hg and the RA V-wave was
reduced to 18.3 � 8.3 mm Hg. Simultaneously, RV
systolic pressures rose slightly by an average of 3.4
mm Hg. Cardiac output measurements pre- and post-
procedure performed in 5 patients demonstrated an
increase from 5.8 � 1.9 l/min to 7.1 � 1.9 l/min.
Figure 4 describes data in 6 patients (38%) who un-
derwent repeat hemodynamic assessment at 30 days
post-procedure, with evidence of further reductions
in RA pressures.

DISCUSSION

The FORMA system was developed with the aim to
address an important unmet clinical need of reducing
TR in high-risk, mostly elderly patients. We report the
1-year outcomes of the first-in-human experience
with the transcatheter FORMA system in a high-risk
cohort of patients treated under compassionate use
conditions.

The main finding of our study is the significant
clinical benefit derived from the reduction of TR and
improvement of RV dimensions achieved with the
FORMA system at 1 year of follow-up. This favorable
trend led to a reduction of the frequency of hospi-
talizations for heart failure and to improved
functional measurements. The clinical benefit
observed seems associated with the reduction in RA
pressures and improvement in RV stroke volumes
and forward flow. Interestingly, preliminary
results with other percutaneous devices, such as the
Tricinch device (4Tech Cardio Ltd., Galway, Ireland),
Trialign system (Mitralign Inc., Boston, Massachu-
setts), and even “off-label” use of the MitraClip
system (Abbott Vascular) have also shown similar
clinical improvements following partial correction
of TR (13–15).

Echocardiographic results of the FORMA device
showed only moderate reduction of TR as assessed
by TTE. This is in contrast with the significant clinical
improvement observed in most of the patients.
More than one-half of the patients included in this
study had extreme TR (often referred to as “torren-
tial”) with unusually large EROAs and venae con-
tracta. These patients may be refused for surgical
reconstruction because of advanced disease and
severely dilated right-sided heart chambers.
Following successful FORMA system implantation,
TR reduction was observed in most patients.
Although complete coaptation may not be achieved,
reductions of TR may suffice to result in significant
clinical and hemodynamic improvement. Of note, the
high number of patients with residual severe TR at 1
year includes patients with significant reductions in
EROA and VC measurements that remain within the
range of severe TR according to currently accepted
guidelines.

The evaluation of TR after placement of a FORMA
system is complex because splitting of the TR jet into
multiple smaller noncircular jets occurs and makes
quantitative and semi-quantitative assessment of TR
rather challenging. In the present analysis, EROA was
assessed by planimetry of 3-dimensional images of
the regurgitant orifice, a technically challenging
measurement. Calculating EROA based on proximal
isovelocity surface area measurements is probably
unreliable because the regurgitant orifices are
generally multiple, slit-like, and extremely noncir-
cular. This anatomic complexity hindered accurate
calculation of EROA in several patients and made
quantitative analysis of the reduction in TR volumes
virtually impossible. In addition, TR severity depends
on respiration, fluid (over-)load (related to the
intensity of diuretics treatment), and RV function.
Short-term results at 30 days seemed more favorable,



PERSPECTIVES

WHAT IS KNOWN? Severe TR is associated with

increased morbidity and mortality. Novel transcath-

eter devices have been developed to treat TR in high-

risk patients.

WHAT IS NEW? We report the 1-year outcomes of

patients treated with the FORMA system. The main

findings are improved clinical outcomes at 1 year.

WHAT IS NEXT? Future developments in trans-

catheter treatments for TR are needed to improve

efficacy and further study is necessary to identify

patients more likely to respond well to these

therapies.
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whereas some patients showed recurrence of severe
TR after 1 year. This might be a result of alterations in
the interaction of the FORMA device with the
tricuspid leaflets because of changes in relative
positioning of the spacer, or because of progressive
continued dilatation of the RV annulus.

The reductions in the size of the RV and RA
observed in several patients confirm the positive
effect of even modest improvements in TR. Although
this was not seen in all patients, 4 patients (28%)
showed evidence of significant reverse remodeling of
the RV geometry. These patients also experienced
profound clinical improvements. However, the small
number of patients in this cohort prevented the
identification of baseline or procedural factors asso-
ciated with this positive response and evidence of RV
remodeling should be considered as hypothesis-
generating at this stage.

The procedural safety of the first-in-human expe-
rience with the FORMA device seemed satisfactory.
One case of RV perforation was seen, probably
resulting from excessive force exerted on the RV free
wall with the delivery catheter during the process of
positioning before anchoring of the rail. A second
unsuccessful procedure (the first ever performed in
the implanting center) was caused by failure to
anchor the rail securely and resulted in device dislo-
cation. Correct rail implantation was hindered by
extreme dilation of both heart chambers and trabe-
culation of the RV myocardium. Retrospective anal-
ysis of this case revealed in addition that the catheter
length was not sufficient to make adequate contact
with the landing zone. Following this case venous
anatomy and the distance from the access site to
the RV apex is now routinely assessed in all
pre-procedural evaluations. The device settled in the
RA and has been followed uneventfully for over a
year. The patient continues to receive medical treat-
ment for symptomatic TR.

The mid-term 1-year safety of the FORMA device
seemed good with no deaths or severe device-related
events beyond the immediate implantation process.
One case of device thrombosis after 4 months
was observed in a patient with uncontrolled anti-
coagulation treatment. The thrombus resolved
uneventfully with resumption of effective anti-
coagulation treatment. Of note, 89% of the patients in
this cohort had AF and received long-term oral anti-
coagulation. Indeed, AF is quite common in patients
with severe TR and is linked to the dilatation of the
RA and secondary TR (23,24). Current guidelines
recommend oral anticoagulation for 3 months
following tricuspid valve bioprosthetic valve
implantation (9). It is, however, unclear at this stage
if there is need for anticoagulation after FORMA
system implantation and for how long this might be
needed in patients who do not have other indications
for anticoagulation.

STUDY LIMITATIONS. The first-in-human nature of
this study limits the ability to generalize the results
to a larger population of patients with possibly
lower risk profiles. The very early experience of
the centers performing the procedures may also
have led to less than optimal results in patient
selection and in procedural performance. The small
number of patients does not permit analysis of
subgroups, specifically factors predicting treatment
response cannot yet be defined. Follow-up was not
uniform across all centers and important data were
missing from some patients (e.g., hemodynamics).
Nevertheless, the significant findings in this small
cohort are intriguing and should generate further
investigations.

CONCLUSIONS

Initial experience with the FORMA device in high-risk
patients with severe TR shows feasibility, good
mid-term safety profile, and significant clinical im-
provements despite variable success in consistently
reducing TR.

ADDRESS FOR CORRESPONDENCE: Dr. John Webb,
St. Paul’s Hospital, 1081 Burrard Street, Vancouver,
British Columbia V6Z 1Y6, Canada. E-mail: webb@
providencehealth.bc.ca.
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