
The Dor procedure (endoventricular circular patch
plasty repair of the left ventricle with associated

coronary grafting) is a relatively new surgical technique
that applies to patients with ventricular dysfunction
after an infarction for either akinesia or dyskinesia.1-6 It
consists of reducing and reconstructing the left ventric-
ular (LV) chamber by using an endoventricular circular
patch and grafting diseased coronary vessels.

Postinfarction left ventricles are characterized by
changes in shape and function (remodeling) frequently
complicated by functional mitral regurgitation (MR),
leading to cardiac dysfunction and clinical heart failure,
which heavily affect survival.7-11 We have previously
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extensively studied the effects of the Dor procedure in
a large series of patients, and we have demonstrated
that the procedure improves pump function, clinical
status, and survival, even in patients with severe cardiac
dysfunction.1-6 In addition, we have quantitatively ana-
lyzed early changes in cardiac shape in patients sub-
mitted to the Dor procedure,12 but we have never inves-
tigated late LV shape changes and how they relate to
late MR, which is not an unusual finding in our overall
population. We therefore analyzed ventriculographic
data from symptomatic patients after a myocardial
infarction (MI) who underwent the Dor procedure
through almost 1 year of activity (June 1997–August
1998) to determine late LV shape changes induced by
the operation and to analyze geometric correlates of
late MR.

Methods
Between June 1997 and August 1998, 70 patients were sub-

mitted to the Dor procedure at the Cardiothoracique Center of
Monaco. The perioperative mortality rate for the entire group
was 4.2% (3/70). Of the 67 surviving patients, 44 patients (40
men and 4 women with a mean age of 58 ± 6 years) had
hemodynamic control 1 year after their operations and repre-

sent the study group. For the 23 patients who have not been
studied 1 year after their operations (either because they
refused to repeat the study or because they were referred from
other countries), follow-up information was obtained during
patient visits or by means of telephone interview. All patients
had an anterior transmural MI and were submitted to the Dor
procedure and associated coronary grafting for symptoms
related to congestive heart failure or angina.

Right and left heart catheterization was performed preop-
eratively and before discharge in all patients and 1 year after
operation in the study group. Cardiac output was measured in
triplicate with the thermodilution method. LV silhouettes
from right anterior oblique 30˚ LV angiography were manu-
ally traced by an experienced angiographer, and volumes
were calculated with the monoplane method of Chapman and
colleagues.13 Ejection fraction (EF) was derived, and residual
contractile EF was also calculated by applying the single-
plane method described by Kapelanski and colleagues.14

Regional wall motion was assessed by the Centerline
method,15 and the extent of asynergy was calculated as the
ratio between the extent of asynergy greater than 2 SDs from
normal mean values and the perimeter of the LV. The pres-
ence and extent of angiographic MR were graded on a stan-
dard scale (0-4).

Preoperative and postoperative global LV shape was
assessed by calculating the eccentricity index (EI) in diastole
and systole in all patients by using the following formula:

�L�2��� D�2�/L,

where L is defined as the major axis, and D is defined as the
minor axis.16 This index takes into account the long and minor
axis and ranges from 1 (ellipse) to 0 (circle). The systolic-dias-
tolic change of EI for each cardiac cycle and the percentage
shortening of the long and minor axis were also calculated.

Results are expressed as the mean ± SD. Differences
among patients were tested by using analysis of variance. The
paired t test was used to compare preoperative and postoper-
ative data.

92 Di Donato et al The Journal of Thoracic and
Cardiovascular Surgery

January 2001

Table II. Changes in EI in the study group (n = 44)

Baseline 1 y

Diastolic EI 0.7 ± 0.09 0.44 ± 0.18*
Systolic EI 0.79 ± 0.07 0.66 ± 0.1*
Systolic/diastolic changes in EI 0.09 ± 0.05 0.22 ± 0.17*
Long axis % shortening 2.8 ± 3.4 8.3 ± 4.1*
Short axis % shortening 18.3 ± 12 24 ± 8.6*

*P < .0001 versus basal level.

Table I. Hemodynamic data in the study group (n = 44)

Baseline Early postoperative period Late postoperative period

EDVI (mL/m2) 201 ± 78 127 ± 46* 140 ± 47*
ESVI (mL/m2) 137 ± 70 67 ± 37* 77 ± 33*
EF (%) 34 ± 13 50 ± 12* 46 ± 10*
Mean PAP (mm Hg) 21 ± 10 17 ± 7* 26 ± 14*†
CWP (mm Hg) 16 ± 10 12 ± 6* 17 ± 10†
SVI (mL · beat–1 · m–2) 64 ± 25 59 ± 22 63 ± 22
CI (L · min–1 · m–2) 2.6 ± 0.6 2.7 ± 0.6 2.7 ± 0.5
Long axis length (cm) 12.4 ± 1.6 — 9.8 ± 1*
Short axis length (cm) 8.5 ± 1.3 — 8.7 ± 1.1
A% 53 ± 14 — 28 ± 16*

ESVI, End-systolic volume index; PAP, pulmonary artery pressure; CWP, capillary wedge pressure; SVI, stroke volume index; CI, cardiac index; A%, extent of asyn-
ergy.
*P < .0001 versus baseline.
†P < .0001 versus the early postoperative period.



Results
Table I reports hemodynamic data in the study group

(mean ± SD). A significant reduction in LV volumes
and an increase in EF are observed early after the oper-
ation and are maintained at significant levels 1 year
after. The extent of asynergy is significantly reduced.
The long axis is shortened by the operation (from 12.4
± 1.6 to 9.8 ± 1.0 cm in diastole), and the short axis is
not shortened by the operation (from 8.5 ± 1.3 to 8.7 ±
1.1 cm in diastole).

Table II shows the EI in diastole and in systole and its
systolic-diastolic change, as well as the percentage
shortening of the long and minor axis. Within the car-
diac cycle, LV shape becomes more elliptical in systole
than it was in diastole (EI closer to 1). The intervention
significantly reduces EI, but systolic-diastolic change
is significantly augmented by the operation (from 0.09
to 0.22), despite the LV chamber being made more
spherical (EI closer to 0). The percentage shortening of
long and minor axis is significantly increased by the
intervention.

Regional wall motion, as assessed by the centerline
method, improves after the operation at the poster-
obasal, inferior, and anterobasal zones, thus confirming
our previous results (Fig 1).1,17

MR was detected preoperatively in 5 of the 44
patients. The valve was repaired at the time of the oper-
ation in 4 patients with moderate-to-severe MR (grade
2-3) by using the standard mitral reconstruction or pos-
terior annuloplasty alone if it was a pure annulus dilata-
tion. One patient had grade 1 MR, and the valve was
not repaired. One year after the operation, 17 of 44
patients had MR; 14 of them did not have MR before
the operation (Table III). Left ventriculography demon-
strated that patients with late MR had greater end-dias-
tolic and end-systolic volumes than did patients with-
out MR, both preoperatively and postoperatively. Late
changes in patients with MR are characterized by an
increase in short axis length (from 8 ± 1 to 10 ± 3 mm),
a significant increase in mean pulmonary artery pres-
sure (from 23 ± 8 to 34 ± 16 mm Hg, P < .001), and an
increase in capillary wedge pressure (from 16 ± 6 to 23
± 12 mm Hg, P < .05). Patients with late MR had a
more spherical diastolic chamber before the operation
and a more spherical shape both in diastole and in sys-
tole after their operations. Quantitative wall motion
analysis demonstrated that there were no significant
differences in the extent of asynergy, but patients with
MR had a longer, although not significant, delay from
MI (50 ± 54 vs 28 ± 40 months; Table IV).

Preoperative MR was present in 4 of the 23 patients
without late angiographic control and was repaired in 1
patient with grade 2 MR.

Follow-up data for the entire group are given in
Table V.

Discussion
The present study confirms improved LV systolic

function after the Dor procedure, as assessed by the
increase in global EF, because of the decrease in end-
diastolic volume index (EDVI), with little change in
stroke volume index and the improvement in regional
fractional shortening. Theoretically, an LV mass reduc-
tion should depress pump function,18 but this is not the
case in our patients because in terms of the Frank-
Starling relationship relating stroke volume or cardiac
index to EDVI, our results indicate a leftward shift of
the curve but not a downward shift, thus reflecting an
overall pump function improvement. This improve-
ment occurred despite the more spherical postoperative
ventricular shape. The operation shortens the long axis
but leaves the short axis length unchanged, thereby
increasing ventricular diastolic sphericity. Con-
ventional wisdom would expect a more spherical shape
to adversely affect systolic function, but it did not.
Long axis shortening is improved by the operation
(from 2.8% ± 3.4% to 8.3% ± 4.1%), as is short axis
shortening (from 18.3% ± 12% to 24% ± 8.6%), but as
in physiologic conditions, the contribution to ejection
is much greater at the short axis. This asymmetry pro-
duced a more elliptical systolic shape relative to its
diastolic counterpart postoperatively, and for each car-
diac cycle, the systolic eccentricity was greater than the
diastolic eccentricity, reflecting increased short axis
contraction. The operation significantly reduced the
diastolic volumes in the previously very dilated left
ventricles. Two possible mechanisms could explain the
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Fig 1. Mean regional wall motion analysis before and after
operation. Vertical bars indicate the standard error; small
stars indicate significant differences.



improvement in short axis contractile properties. First,
preoperatively, the remote short axis myocardium may
have been working behind its preload reserve because
the large ventricular volumes and high wall tension
would adversely affect shortening. Postoperatively, the
reduced volume would change the geometric relation-
ship between wall thickness and volume, thereby
reducing wall stress and allowing the short axis
myocardium to contract more vigorously despite a
more spherical ventricular shape. Second, the reduced
postoperative volume may have altered the cleavage
plane angle and fiber orientation so as to allow for a
more efficient shortening.

The presence of late MR deserves some comments: in
the overall series of our patients who had hemodynamic
study 1 year after the operation (from 1987-1999), the
incidence of late MR was 27%; the degree of MR was
mild in 81% of the patients. In the present series the inci-

dence of late MR was 38% (17/44 patients), and it devel-
oped also in patients who did not have detectable MR at
angiography before the operation. It is known that MR is
functional more often than organic in patients with
severe LV dysfunction, and it is more difficult to detect
clinically. Furthermore, angiography is not sensitive to
MR, and it could be missed at ventriculography (espe-
cially in very dilated ventricles) or the degree might have
been underestimated. All patients had an early angio-
graphic study after the operation, but MR was detected
only in 3 patients (Table III). It is true that at early angio-
graphic control, loading conditions are different from
those the patients have 1 year after their operations (see
lower pressures). From the present data, MR seems to
occur late after the operation in the great majority of
patients. The degree of postoperative MR was mild in 9
patients (two previously repaired) and moderate to
severe in 8 patients.
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Table III. Presence and degree of MR

Patients with late MR (n = 17) Patients without late MR (n = 27)

Baseline Early postoperative Late postoperative Early postoperative Late postoperative 
period period Baseline period period

MR (n) 3 1 17 2 2 0
Grade I 1 — 9 — 1 —
Grade II 1 1 4 2 1 —
Grade III 1 — 4 — — —

Table IV. Characteristics of patients with and without late MR

Patients with MR* (n = 17) Patients without MR† (n = 27)

Early postoperative Early postoperative
Baseline period 1 y Baseline period 1 y

EDVI (mL/m2) 232 ± 77� 132 ± 47‡ 172 ± 46‡§� 183 ± 74 115 ± 61‡ 122 ± 37‡
ESVI (mL/m2) 160 ± 78� 72 ± 30‡ 96 ± 36‡§� 124 ± 63 59 ± 43‡ 65 ± 24‡
EF (%) 34 ± 13 46 ± 11‡ 44 ± 11‡ 33 ± 13 51 ± 11‡ 47 ± 9‡
EFc (%) 48 ± 12� 43 ± 10
SVI (mL · beat–1 · m–2) 72 ± 19 63 ± 27 75 ± 23 59 ± 27 57 ± 19 57 ± 19
CI (L · min–1 · m–2) 2.6 ± 0.7 2.6 ± 0.6 2.6 ± 0.5 2.7 ± 0.6 2.6 ± 0.6 2.8 ± 0.5
EI diastole 0.67 ± 0.1� 0.38 ± 0.2‡� 0.72 ± 0.08 0.48 ± 0.17‡
EI systole 0.78 ± 0.06 0.62 ± 0.09‡� 0.80 ± 0.17 0.69 ± 0.1‡
S/D changes in EI 0.11 ± 0.05� 0.24 ± 0.22‡ 0.07 ± 0.05 0.21 ± 0.10‡
PAP (mm Hg) 23 ± 8 18 ± 8‡ 34 ± 16‡§� 20 ± 11 16 ± 4‡ 21 ± 11§
CWP (mm Hg) 16 ± 6 11 ± 6‡ 23 ± 12‡§� 13 ± 6 10 ± 4‡ 14 ± 8§
A% 51 ± 12 22 ± 16‡� 55 ± 14 34 ± 15‡

ESVI, End-systolic volume index; EFc, contractile ejection fraction; SVI, stroke volume index; CI, cardiac index; S/D, systolic-diastolic; PAP, pulmonary artery pres-
sure; CWP, capillary wedge pressure; A%, extent of asynergy.
*Patients with MR have a mean ± SD age of 58 ± 9 years and delay from MI of 50 ± 54 months.
†Patients without MR have a mean ± SD age of 57 ± 8 years and delay from MI of 28 ± 40 months.
‡P < .001 versus baseline.
§P < .05 versus early postoperative period.

�P < .001 between groups.



Our findings should encourage a more accurate eval-
uation of the presence and the degree of functional MR
with Doppler quantitation before the operation, before
or during operative transesophageal echocardiography
(TEE), or both. The use of intraoperative TEE has been
recently introduced in all patients with very dilated
ventricles in our center, and the results will be made
available in the future. On average, patients with late
MR in our series had preoperative larger and more
spherical ventricles than did patients without MR and a
longer, although not significant, delay from MI in
respect to patients without MR but not a greater extent
of asynergy, as quantitatively evaluated. The associa-
tion of MR with increased sphericity in patients after
infarction has been known since the early 1970s.19,20

One year after the operation, patients with MR showed
a significant increase in EDVI in respect to early con-
trol (Table IV); volumes were significantly larger, and
the chamber was significantly more spherical in respect
to patients without late MR (late remodeling). The
mechanism underlying late MR is complex, and MR
per se could be a cause, as well as a consequence, of
redilation. However, at least in patients with mild MR
(degree 1), it is unlikely that the late increase in vol-
umes is due to the valvular volume overload. It can
most likely be the expression of a late further remodel-
ing in ventricles with severe tissue damage and pro-
found structural extracellular collagen matrix alter-
ations.21,22 Chamber enlargement alone is not sufficient
to account for MR, but a distortion of shape leading to
an alteration in the angle at which chordal structures
are tethered to the mitral leaflets might be an important
component.23,24 In fact, in patients with late MR, we
found a postoperative and more spherical chamber that
could have led to a different distribution of intraven-
tricular forces.

In the present series we did not quantitatively calcu-
late LV curvature, but another explanation for a dys-
functioning mitral apparatus could be an outward cur-
vature at the inferior and posterobasal regions, as we
observed in some few patients after the Dor operation
in a previous study.12

Surgeons should be aware of the importance of
detecting and quantitating functional MR before the
operation. In our opinion a TEE study should be per-
formed before the operation or intraoperatively, and a
surgical procedure tailored on the type of lesion should
be associated to the procedure (posterior annuloplasty
or mitral reconstruction or replacement). Determining
whether mitral repair should be performed, even in the
absence of MR, at the time of examination would
require a larger experience. Because in our patients the
incidence of late MR is relatively high and is frequent-
ly associated with pulmonary hypertension,25 we think
that mitral valve repair would be advisable at least in
patients with very dilated ventricles.

In conclusion, late changes in LV shape after the Dor
procedure lead to an increased diastolic sphericity
because the intervention shortens the long axis but
leaves the short axis unchanged. However, for each car-
diac cycle, the systolic shape is more elliptical relative
to its diastolic counterpart because of the prevalent
contribution of the short axis to the ejection most like-
ly linked to the improved geometric relationship
between wall thickness and volume induced by this
type of surgical procedure.

The late presence of MR and the development of late
pulmonary hypertension appeared to be related to a
preoperatively more severe remodeling. This, as
already pointed out in our previous articles, indicates
that postinfarction LV reconstruction, as with any other
reparative operation, should be performed earlier to
better recover LV function, shape, and geometry.
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Table V. Clinical events and mortality at follow-up in the overall group

Patients with late MR Patients without late MR Patients without angiographic control 
(n = 17) (n = 27) (n = 23)

Death 2 0 3
NYHA III-IV 2 1 2
Angina 1 3 1
CHF 2 2 2
SV arrhythmia 2 — —

NYHA, New York Heart Association class; CHF, congestive heart failure; SV, supraventricular.
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