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Background: Reductive annuloplasty repair of ischemic mitral regurgitation (IMR) is associated with high
rates of recurrent MR, which may be improved with etiology-specific annuloplasty rings.
Methods: From October 2005 to May 2015, 128 consecutive patients underwent repair of IMR with
the GeoForm ring. Clinical data was extracted from our local Society of Thoracic Surgeons database and
electronic medical records. Mortality data was obtained from the Michigan State Social Security Death
Index.
Results: The average age of patients was 65±11 years with mean pre-op left ventricular ejection fraction
(LVEF) of 30%±10% and MR grade of 3.1±0.9 (0–4+). Thirty-day mortality was 4.7%, rate of renal
failure 7.9%, rate of atrial fibrillation 27.3%, and no strokes were observed. Of the surviving patients,
89% (109/122) had a follow-up echocardiogram beyond 1 month with a mean echocardiographic followup of 59±39 months. LVEF improved from 30%±10% to 38%±14%, P<0.001) while end-diastolic (5.9±0.0
to 5.3±0.9 cm, P<0.001) and end-systolic (5.0±1.0 to 4.4±1.1 cm, P<0.001) left ventricular (LV) diameters
decreased, as compared to pre-operative values. Seven patients were found to have recurrent moderate or
greater IMR in follow-up to 10 years with three being due to ring dehiscence. One-, 5-, and 10-year freedom
from recurrent moderate or severe IMR was 98%, 94%, and 80% respectively. One-, 5-, and 10-year
survival was 91%, 77%, and 44%, respectively.
Conclusions: Overall, etiology-specific ring repair of IMR was associated with low rates of recurrent
MR on long-term follow-up, coupled with significant LV reverse remodeling and improvement in ejection
fraction.
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Introduction
Contemporary surgical treatment of ischemic mitral
regurgitation (IMR) with undersized complete ring
annuloplasty has yielded suboptimal clinical results with
high recurrence rates at 2 years and no mortality benefit
over valvular replacement (1,2). However, durable repair
confers improved left ventricular (LV) remodeling (1). IMR
recurrence is thought to arise from altered subvalvular
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geometry (3) and persistent leaflet tethering (4), which is
not addressed with conventional reductive annuloplasty.
Etiology-specific annuloplasty prostheses have been
developed to explicitly target the annular and ventricular
geometric perturbation associated with IMR (5,6) in
hopes of providing more durable results in addressing the
“ventricular” etiology (7) of mitral insufficiency. The GeoForm
annuloplasty ring (Edwards Lifesciences, Irvine, CA, USA)
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offers aggressive annular septal-lateral reduction (8) and
three-dimensional design to simultaneously enhance leaflet
coaptation and alter subvalvular geometry (9) in patients
with IMR. We (10) and other investigators (11,12) have
demonstrated encouraging mid-term clinical performance
of this prosthesis in IMR patients, but long-term data have
thus far been lacking. In the current report, we review the
long-term clinical outcomes of all patients who underwent
repair of IMR with a GeoForm ring at our institution over
a 10-year period.
Methods
The Institutional Review Board approved our study on
March 16, 2010 (SH IRB #2010-034), which was in full
compliance with its policies and procedures. Patient consent
was waived.
Study design
We performed a retrospective review of the data from
all patients entered in our local Society of Thoracic
Surgeons database from January 2005 to May 2015 who
had undergone implantation of the GeoForm annuloplasty
ring for treatment of IMR. The general indication for
clinical use of the GeoForm prosthesis in our practice was
significant (at least moderate) functional or IMR with low
ejection fraction (<35%) and a significantly dilated mitral
annulus and LV cavity. All patients were included, regardless
of the pre-operative degree of mitral insufficiency and
additional or previous cardiac procedures.
Surgical procedure
The operative procedure was performed as described
previously (10). The heart was typically arrested with cold
anterograde blood cardioplegia, and subsequently, cold
retrograde blood cardioplegia was re-delivered every 15 to
20 minutes throughout the procedure. A septal temperature
probe was used, and a temperature <10 ℃ was achieved with
each dose. Before cross-clamp removal, 500 mL of warm
retrograde cardioplegia was delivered, followed by 5 minutes
of warm retrograde blood perfusion as a “hot shot”. The
implanted rings were sized using the clinical criteria of
intertrigonal distance and subsequent downsizing of one
to two sizes, depending on the degree of LV dysfunction,
patient size, and LV chamber remodeling. The ring was
implanted using multiple [15–20] 2-0 Ethibond sutures
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to better distribute the tension and reduce the risk of
prosthesis dehiscence. The anterior portion of the ring was
tied down first. Subsequently, alternating sutures were tied,
starting from each trigone and working toward the center
of the posterior annulus. The mid-posterior “hump” of
the ring was tied last to minimize the chance of prosthesis
dehiscence from high suture tension.
Data collection and analysis
The perioperative mortality and 30-day events were queried
directly from The Society of Thoracic Surgeons database.
Follow-up regarding late mortality was conducted using the
Michigan Social Security Death Index and our electronic
medical records and was 100% complete. The last followup was in December 2018. The pre- and post-operative
echocardiograms were reviewed to assess the degree of MR,
ventricular function and geometry pre-operatively, and at
the last available study at least 1 month beyond surgery.
The degree of MR was determined by visual inspection of
the extent of the regurgitant jet traversing the left atrium,
reversal of flow in the pulmonary veins, and measurements
of the vena contracta width. The MR was graded using
these standard clinical criteria on a 0 to 4+ scale. The
pre-operative patient characteristics and post-operative
morbidity was defined using the Society of Thoracic
Surgeons criteria.
Statistical analysis
Normally distributed and continuous variables are reported
as mean ± standard deviation, non-normal data as median
(interquartile range), and categorical variables as count
(percent). The Kaplan-Meier method was used to determine
actuarial survival and freedom from recurrent moderate
or severe MR. All descriptive statistics and graphics
were generated using SAS (SAS Enterprise Guide software,
Version 7.1, SAS Institute Inc., Cary, NC, USA).
Results
A total of 128 consecutive patients underwent implantation
of the GeoForm annuloplasty ring for the treatment of IMR
during the study period. The pre-operative characteristics
of the study patients are shown in Table 1. This data
demonstrates that our patients had severe LV dysfunction
and significant symptomatology, with 81.5% being either
in New York Heart Association (NYHA) class III or IV
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Table 2 Operative data

Variables

Data (n=128)

Variables

Age (years)

65.5±11.5

Ring size (mm)

Male

73 (57.0)

26

90 (70.3)

Diabetes

44 (34.4)

28

27 (21.1)

CVA

13 (10.2)

30

8 (6.2)

MI

79 (61.7)

32

2 (1.6)

HTN

90 (70.3)

34

1 (0.8)

Re-op

16 (12.5)
2

Data (n=128)

Concomitant operations

BMI (kg/m )

28.3±0.7

CABG

97 (75.8)

LVEF (%)

30.9±10.9

TVr

29 (22.3)

Maze

14 (10.9)

Status
Elective

78 (60.9)

AVR

5 (3.9)

Urgent

50 (39.1)

X-clamp time

172±62

Emergent

0 (0.0)

Normally distributed data expressed as mean ± standard deviation
and categorical variables are represented as count (percent). CABG,
coronary artery bypass grafting; TVr, tricuspid valve repair; AVR,
aortic valve replacement; X-camp, aortic cross clamp.

NYHA
I

2 (1.8)

II

19 (16.8)

III

49 (43.4)

IV

43 (38.1)

most commonly CABG, were frequently performed,
yielding a mean aortic cross-clamp time of almost 3 hours.
Clinical outcomes at 30 days are summarized in Table 3 and
reveal acceptable morbidity and mortality for this high-risk
patient cohort.

MR grade
+2

37 (29.6)

+3

36 (28.8)

+4

52 (41.6)

Long-term outcomes

TR grade
0

27 (23.7)

+1

60 (52.6)

+2

20 (17.5)

+3

4 (3.5)

+4

3 (2.6)

Normally distributed data expressed as mean ± standard
deviation and categorical variables are represented as count
(percent). CVA, cerebral vascular accident; MI, myocardial
infarction; HTN, hypertension; BMI, body mass index; LVEF, left
ventricular ejection fraction; NYHA, New York Heart Association
class; MR, mitral regurgitation; TR, tricuspid regurgitation.

heart failure pre-operatively. Over 90% of patients were
implanted with a size 26- or 28-mm ring (Table 2), with a
mean ring size of 26.8±1.5 mm. Concomitant procedures,
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Of patients surviving the peri-operative period, 89%
(109/122) had follow-up echocardiography beyond
1 month with a mean follow-up of 59±39 months. Total
echocardiographic follow-up was 535 patient-years. LVEF
improved from 30.2%±9.7% to 37.7%±14.1% (P<0.001)
while end-diastolic (5.92±0.93 to 5.32±0.92 cm, P<0.001)
and end-systolic (4.98±0.95 to 4.38±1.11 cm, P<0.001)
LV diameters decreased, as compared to pre-operative
values. The mean mitral valve gradient at the last followup was 4.7±1.9 mmHg. Seven patients were found to have
recurrent moderate or severe IMR in follow-up to 10 years
(Figure 1) with three being due to ring dehiscence. One-, 5-,
and 10-year freedom from recurrent moderate or greater
IMR was 98%, 94%, and 80% respectively.
Ten patients required re-operation with the time interval
from index procedure, type of intervention, and degree of
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operative LV chamber dilation with end-diastolic diameters
of 76 and 86 mm, respectively. Patient #94 required
mechanical support at the index operation, which was then
converted to a durable LVAD at 1 month. The device was
subsequently explanted due to infection and this patient has
only trace MR at last evaluation, i.e., 59 months post-LVAD
removal. Long-term post-operative survival for the entire
patient cohort is shown in Figure 2. One-, 5-, and 10-year
survival was 91%, 77%, and 44%, respectively.

Table 3 Post-operative outcomes
Variables

Data (n=128)

30-day mortality

6 (4.7)

CVA

0 (0.0)

Renal failure

10 (7.9)

Hemodialysis

9 (7.1)

Atrial fibrillation

35 (27.3)

Prolonged intubation

31 (24.4)

Sternal infection

0 (0.0)

ICU length-of-stay (hours)

66.8 [123.5]

ICU readmission required

4 (3.1)

Discussion

Non-normal data are expressed as median [interquartile range
th
th
(25 –75 )] and categorical variables are represented as count
(percent). CVA, cerebrovascular accident; ICU, intensive care unit.

1.0

Survival probability

0.8
0.6
0.4
0.2
0.0
At risk 109
0

91

85

75

56

46

40

28

23

16

11

1

2

3

4

5

6

7

8

9

10

Time to recurrent ≥ MR (years)

Figure 1 Kaplan-Meier curve for recurrent moderate or greater
MR after repair with the GeoForm annuloplasty ring. Shaded areas
represent confidence limits. MR, mitral regurgitation.

MR on intra-operative trans-esophageal echocardiogram
(TEE) summarized in Table 4. Three patients had recurrent
MR due to ring dehiscence with patient #127 operated on
for re-repair with a different annuloplasty ring, and patient
#128 undergoing left ventricular assist device (LVAD)
implantation without mitral intervention. A third patient
with ring dehiscence and moderate MR first noted at
44 months post-operatively was not re-operated on due to
several co-morbidities and expired at 88 months with severe
MR. Two patients with ring dehiscence had impressive pre-
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IMR continues to frustrate clinicians due to high rates
of repair failures and sub-optimal long-term survival.
Etiology-specific annular prostheses were developed to
improve clinical outcomes, yet long-term data is lacking. In
128 patients undergoing ischemic mitral valve repair with
an etiology-specific annuloplasty ring, we found acceptable
peri-operative mortality and morbidity with low rates of
recurrent moderate or severe mitral insufficiency at longterm follow-up.
In a large patient cohort from the Cleveland Clinic (13),
5-year survival for comparable patients undergoing
annuloplasty repair of IMR and concurrent coronary artery
bypass grafting (CABG) was reported to be 74%, and is
similar to our experience. Mid-term survival outcomes
reported by other investigators with the GeoForm
prosthesis (11,12) reflect our results and approximate the
62% 7-year survival reported with the ETlogix ring (14).
At 10 years, our patient survival decreased to 44%, similar
to the 10-year survival of 39% reported by the Cleveland
Clinic (13) and the 48% 12-year survival reported in IMR
patients repaired predominantly with the classic CarpentierEdwards ring (15). A German study of seventy patients
with IMR repaired with the GeoForm prosthesis found
71% freedom from recurrent moderate or severe MR at
4 years (12), consistent with 75% freedom from ≥2+ MR at
3.5 years reported by Alfieri’s group (11). Although there is
significant heterogeneity in the rates of MR recurrence after
ring repair (16), these results and the current report are a
significant departure from recently published randomized
data on repair versus replacement of IMR (1,2). Goldstein
and colleagues (1) reported a 58.8% recurrence of moderate
or severe MR at 2 years after undersized complete
annuloplasty repair of severe IMR, while a recurrence rate
of 11.2% at 2 years was subsequently reported for patients
with only moderate IMR undergoing concurrent CABG

Ann Cardiothorac Surg 2021;10(1):141-148 | http://dx.doi.org/10.21037/acs-2020-mv-fs-0166

Annals of cardiothoracic surgery, Vol 10, No 1 January 2021

145

Table 4 Re-operations
Patient #

Re-op (months)

Procedure

MR grade

Long-term outcome

5

115

TAVR

Moderate

Deceased

42

80

LVAD

Mild

Deceased

43

96

TAVR

Mild

Alive

55

56

LVAD

Trace

Deceased

80

74

TAVR

Mild

Deceased

94

1

LVAD

Mild

Alive

102

59

TAVR

Mild

Alive

117

27

LVAD

Mild

Deceased

127

2

Mitral

Severe

Alive

128

2

Mitral/LVAD

Severe

Deceased

TAVR, transcatheter aortic valve replacement; LVAD, left ventricular assist device.

1.0

Survival probability

0.8
0.6
0.4
0.2
0.0
At risk 128 116 114
0

1

2

109

99

80

65

53

43

35

28

3

4

5

6

7

8

9

10

Time to death (years)

Figure 2 Kaplan-Meier survival curve for patients with moderate
or greater IMR repaired with the GeoForm annuloplasty ring.
Shaded areas represent confidence limits. IMR, ischemic mitral
regurgitation.

at the time of annuloplasty repair (2). As only 41% of our
patients had severe MR at the time of the operation, it is
feasible that the difference in recurrence rates between
our data and Goldstein’s report is partially due to baseline
severity of mitral insufficiency. Furthermore, ours was
a retrospective study without reference-lab evaluation
of MR, and it is possible that the degree of recurrent
insufficiency was underestimated. However, the 10 patients
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who underwent re-operation after the index procedure
were found to have their pre-operative transthoracic
echocardiogram (TTE) assessment of MR consistent
with intra-operative TEE findings. Overall, there was
significant LV reverse remodeling observed in our patients,
and improvement in ejection fraction from 30%±10% to
38%±14%, indirectly suggesting good control of mitral
insufficiency. Interestingly, the high 2-year recurrent MR
rate reported in the Cardiothoracic Surgical Trials Network
Investigators randomized trial was not associated with
improvement in LV function (42%±12% vs. 43%±12% for
pre- and post-operatively, respectively) (1,17), although
the rate of concurrent myocardial revascularization of
73.8% was similar to our CABG rate of 75.5%. Clinical
outcomes with other etiology-specific annuloplasty rings
corroborate our data as Gatti (14) reported freedom from
moderate or severe MR of 93.1% at 7 years in 190 patients
with IMR that were repaired with the IMR ETlogix ring
(Edwards Lifesciences, Irvine, CA, USA). Approximately
33% of these patients had severe mitral insufficiency preoperatively. Similarly, Campisi (18) demonstrated freedom
from recurrent ≥2+ MR of greater than 90% at 5 years in
157 consecutive patients with predominantly moderatesevere IMR repaired with the ETlogix prosthesis. This data
and published GeoForm outcomes suggest improved results
of etiology-specific prostheses over standard undersized
annuloplasty repair of IMR, although without randomized
studies or direct comparisons, the putative benefit is
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speculative.
We hypothesize that the etiology-specific design of the
GeoForm ring was a significant contributor to the durable
control of IMR observed in our study. The prosthesis was
designed to increase leaflet coaptation through remarkable
annular septal-lateral reduction while counteracting
tethering forces by altering the three-dimensional shape
of the posterior annulus (9). The inner septal-lateral
dimension of a size 32 mm GeoForm ring is smaller than
any 24 mm sized ring available on the market, including the
IMR ETlogix prosthesis (19). To achieve a similar degree
of annular septal-lateral reduction, the two-dimensional
areas for the implanted rings would be 402 and 225 mm2,
for GeoForm and IMR ETlogix, respectively. Avoidance of
severe annular area reduction may be important for valvular
competence, as a post-hoc analysis of MR recurrence from
the Cardiothoracic Surgical Trials Network Investigators (4)
found size-mismatch between implanted ring size and
LV end-systolic diameter to be an independent predictor
of recurrent insufficiency in patients with moderate and
severe IMR. The size mismatch was thought to exacerbate
posterior leaflet tethering, especially in dilated LV cavities
with lateral papillary muscle displacement. However,
these mechanisms may be mitigated by the design of the
GeoForm ring, which was demonstrated to reduce the
posterior leaflet tenting area in acute ovine IMR (19) and
has been shown to be the only etiology-specific ring to
reduce ventricular septal-lateral dimension (20). Recent
computational analysis confirmed more effective leaflet
coaptation with the GeoForm ring, as compared to the
Physio II prosthesis (21). Clinically, three-dimensional
echocardiography of patients undergoing IMR repair
with the GeoForm ring has revealed alteration of
annular geometry and reduction of tenting volume (22).
Maintenance of orifice area with the GeoForm prosthesis
is further reflected in the acceptable mean mitral gradient
of 4.7 mmHg in long-term follow-up, which is comparable
to prior reports (11,12) and would not be expected to
negatively affect survival (23).
The unconventional geometry of the GeoForm
ring is postulated to increase valvular stresses, as the
annulus is made to conform to its three-dimensional
shape. Mathematical modeling has confirmed these
hypotheses (24). Although a high number of sutures
were used to anchor the annuloplasty, we observed three
mechanical device disruptions in our study, accounting for
almost half of the cases with recurrent MR. Three cases of
ring dehiscence were also reported by Guenzinger (12) in a
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series of seventy GeoForm patients, however only reported
one device dehiscence in a patient with endocarditis in the
study by De Bonis (11). Two device failures in our cohort
were associated with significantly dilated left ventricles,
suggesting that excessive stresses may be present when
massive ventricles are made to conform to the exaggerated
septo-lateral reduction induced by the prosthesis, and
perhaps valve replacement should be considered in these
scenarios.
Limitations
Several important limitations of our study need to be
considered to interpret the results in the appropriate
context. This was a single-center retrospective study and
patient selection was at the discretion of the surgeon. As
mentioned above, only 40% of patients had pre-operative
severe MR, perhaps contributing to the low rate of recurrent
IMR observed in our study. However, long-term rates of
recurrent MR were as good as 2-year data for patients with
only moderate IMR undergoing CABG and concurrent
ring repair (2). The echocardiographic follow-up, although
adequate, was not 100% complete, and it is feasible that
patients lost to follow-up were harboring significant
MR. The last available echocardiographic assessment of
deceased patients was included in the study, but due to
the considerable mortality rate in long-term follow-up, it
is feasible that deceased patients may have had significant
MR prior to expiring. The available echocardiographic
studies were transthoracic and retrospective and may have
underestimated recurrent insufficiency. However, of the 10
patients who underwent re-operation, the intra-operative
TEE findings were consistent with pre-operative imaging,
although core lab data from the STICH trial have shown
only modest correlation between TTE and TEE in grading
of severity of IMR (25).
In conclusion, we found the GeoForm ring to offer
acceptable peri-operative mortality and morbidity, good
mid-term survival, and durable long-term control of
moderate or severe IMR. This data suggests that etiologyspecific rings for IMR may offer better clinical outcomes
than standard undersized prostheses, and this therefore
warrants consideration of further studies.
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