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Saline injection into the left ventricle trough mitral valve (saline test)
is the most commonly used intraoperative assessment method in
mitral valve repair. However, potential discrepancies between the
saline test findings and intraoperative transesophageal echocardio-
graphy results after the weaning of cardiopulmonary by-pass, remain
significant. Here, we describe a new antegrade reperfusion test, re-
producing intraoperatively, the physiologic conditions of loaded and
beating heart for direct transatrial evaluation of valve tightness. The
proposed test is performed by perfusing warm oxygenated blood into
the aortic root under cross-clamping. From February 2016 to De-
cember 2018, 91 patients (mean age: 63 ± 11 years) underwent mi-
tral valve repair for mitral regurgitation. In all of them, the classic
saline test was completed with the newly proposed antegrade test.
We report our results with this combined approach. Data were ob-
tained from the medical records and our mitral valve repair database.
In 32 (35.1%) patients, evident or undetectable minor regurgitation
at the saline test were respectively unconfirmed or detected by the
antegrade reperfusion test leading to their complete correction. In
only three patients (3.2%) major discrepancies was present between
the intraoperative evaluation and the post-pump transesophageal
echocardiography. Two of them (2.1%) required a second cardiopul-
monary bypass run to fix the residual regurgitation. The antegrade
reperfusion test is a simple dynamic intraoperative approach mim-
icking the physiological conditions of ventricular systole for mitral
valve repair evaluation. Combined with the classic saline test, it
seems to be a valuable additional intraoperative tool, enabling a
more predictable repair result.
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1. Introduction
Mitral valve repair (MVR) is favored to valve replace-

ment, and today an approach to “respect” with use of neo-
chordae rather than resect mitral leaflet tissue is preferred.

Optimizing mitral valve repair ensures the longevity of its
results [1–7]. Perioperative transesophageal echocardiogra-
phy (TEE) with use of 3D in combination with 2D is essen-
tial for successful mitral repair and postoperative monitor-
ing. The saline test (ST) is also an important step and is the
most commonly used intraoperative method of mitral valve
repair evaluation [8]. However, on the arrested heart and
in absence of tension of the subvalvular apparatus, an ineffi-
cient and incomplete evaluation is possible. In several studies,
a rate of 6–8%, between a visually satisfactory ST and post-
pump intraoperative transesophageal echocardiography (PP-
TEE) result, is reported [9–12]. The aim of this study is to re-
duce the incidence of these discrepancies using the antegrade
reperfusion (AR) test as a dynamic approach, thus provid-
ing a reliable intraoperative assessment model very close to
the real ventricular systolic load conditions. This procedure
has never been reported before. First, the use of AR com-
bined with the ST test allows to detect the potential residual
regurgitation that the ST test alone (Fig. 1) does not show.
The result is improved vigilance and optimization of valve re-
pair. Second, we investigated the benefits associated with the
use of the AR test due to a marked reduction in the percent-
age of patients with a false negative conventional saline test
result, requiring a new surgical procedure for unsatisfactory
mitral valve repair. Third, we have reduced the potentially
harmful consequences of long duration of cardiopulmonary
bypass (CPB) and additional aortic cross-clamping time can
be avoided [13].

We believe that the data reported herewith could provide
a basis for the further assessment of this new combined pro-
cedure and could assist cardiologist-cardiac surgeon discus-
sions about the benefits and expectations after the AR test.

http://doi.org/10.31083/j.rcm2203102


Fig. 1. Classic saline injection test using a bulb syringe (black arrows)
with non-physiologic static conditions of the left ventricle on arrest,
without tensioning of themitral valve apparatus. With the immediate
intraoperative test by perfusing warm and oxygenated blood into the aortic
root we evaluated the response property of the mitral valve after repair. The
most important evidence that emerged from the analysis ofMVmorphology
induced by the AR test suggested that the mitral valve after repair bulged in
the left atrium taking the shape of a balloon, while the anterior leaflet of the
repaired valve remained in the left ventricle. In this context the mechanism
of a residual leakmay be detectable avoiding immediate postoperative regur-
gitation.

2. Patients andmethods
2.1 Study population and operative data

The study database includes data on five hundred ninety-
eight mitral valve repairs since February 2010 andwas frozen
in December 2018. For the present report, all events be-
tween February 2016 and December 31, 2018 were analyzed.
Baseline and follow-up data were analyzed for 91 patients
(who were included in the database) where we performed
a saline test coupled with an anterograde reperfusion test.
All patients had intraoperative PP-TEE and seventy-four of
them recorded a severe mitral regurgitation on preoperative
echocardiography. All subjects gave their informed consent
for inclusion in the study and the authors had complete ac-
cess and take full responsibility for the entirety of the data
and the current article. The study conforms to the Declara-
tion of Helsinki andwas not supported by any external source
of funding.

2.2 Operative technique
The AR test is performed by perfusing warm oxygenated

blood into the aortic root under aortic cross-clamping, aims
to reproduce physiological conditions close to those of ven-
tricular systole, strengthening the intraoperative detection of
possible residual leaks and allowing correction before the left
atrium is closed.

All patients underwent MVR with median sternotomy
and CPB established with ascending aorta and bicaval can-
nulation. Myocardial protection was ensured by perfusion
of cold hyperkalemic CPK-MB cardioplegia or Bretschneider

histidine-tryptophan-ketoglutarate (HTK) crystalloid solu-
tion (CUSTODIOL; Koehler Chemi, AlsbachHaenlien, Ger-
many) through the double-flow (perfusion-suction) ante-
grade perfusion line. The suction branch is connected to a
pressure line during the antegrade reperfusion tomonitor the
pressure.

Once the repair is completed, warm oxygenated blood de-
rived from the arterial line of CPB is injected under pressure
into the ascending aorta through the cardioplegia double-
flow needle (Fig. 2) which leads to cardiac activity resump-
tion. The reproduced conditions are almost similar to those
of the isovolumetric phase of cardiac contraction. Simulta-
neously the left ventricle (LV) is filled with blood collected in
the pericardium using a bulb syringe after removing the atrial
retractor, thus obtaining the tensioning of the entire mitral
valvular apparatus elements. A shortening of the transverse
annular diameter reducing the intercommissural width is ob-
served intraoperatively. Moreover, the mitral leaflets ap-
peared to bulge more and the coaptation area appeared wider
than on an arrested and flaccid heart [8], offering a physio-
logically faithful intraoperative evaluation model to real con-
ditions of ventricular load and contractility.

Fig. 2. Antegrade perfusion cannula is inserted into the ascending
aorta (little black arrows). The beating heart is re-established sponta-
neously. Aminor leak from the commissural side (red arrow) could be clearly
detected during AR test.

2.3 Statistical analysis
Continuous variables were expressed as the mean± stan-

dard deviation. Categorical variables were presented as me-
dians and interquartile ranges or as the number of patients as
a percentage of the sample. The statistical analysis was per-
formed using the SPSS 21 (SPSS, Inc, Chicago, IL, USA).
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3. Results
3.1 Study population

Patients, characteristics, and operative data are listed in
Table 1.

Table 1. Patient characteristics.
Demographics
-Age mean (year, range) 63 (19–88)
-Male (n°) 39 (42%)
-Female (n°) 52 (58%)
Leaflet involvement (n°)
-Isolated posterior 39 (42.8%)
-Isolated anterior 28 (30.7%)
-Bileaflet 24 (26.3%)
-Restriction 13 (14.2%)
Leakmechanism (n°)
-Prolapse 54 (59.3%)
-Restriction 13 (14.2%)
-(Prolapse + restriction) and others 24 (26.3%)
Cardiac co morbidity
-LVEF (%) 55 ± 10
-LVEF [20–50] (n°) 29 (31.8%)
-LVEF >50 (n°) 62 (68.2%)
-Myxoid degeneration (Barlow) (n°) 16 (17.5%)
-Atrioventricular canal (n°) 1 (1.0%)
-Previous sternotomy (n°) 7 (7.6%)
-Atrial fibrillation (n°) 34 (37.3%)
-Coronary artery disease (n°) 10 (10.9%)
-Endocarditis (n°) 9 (9.8%)
-Papillary muscle rupture 2 (2.1%)
LVEF, left ventricular ejection fraction.

3.2 Intraoperative course

MVRwas successfully completed in all patients. Standard
reconstructive techniques were performed, in most cases
along using the PTFE neochords. In 7 patients (7.6%) under-
goingMVR formitral regurgitation (MR) related to infective
endocarditis and according to our institutional policy of not
inserting prosthetic material in an adjacent septic environ-
ment, no prosthetic ring was implanted. Thirty-six (39.5%)
procedures were associated with MVR. Mean CPB time and
mean aortic cross-clamping time was 101 min (61–173 min)
and 82 min (47–141 min) respectively. PP-TEE revealed the
absence of residual regurgitation in 82 patients (91.2%) cor-
roborating the result of the AR test. Intraoperative data are
described in Table 2.

3.3 The beating heart test

AR test was contributive in 32 of 91 patients (35.1%) re-
vealing either residual regurgitations after a satisfactory ST
test, or by refuting the regurgitations appearing on the ST
test. Based on these findings, the repair was optimized as
needed. In twenty-seven patients (29.6%), residual regurgi-
tation not seen at the ST test were detected by the AR test
which allowed to the precise location of mitral regurgitation
and their exact mechanism (Videos 1,2). In two other cases,

Table 2. Operative details.
Reconstructive techniques

-PL height adjusting neochords (n°) 49 (53.8%)

-AL height adjusting neochords (n°) 23 (25.2%)

-Scallop closure (n°) 18 (19.7%)

-Cleft closure (n°) 1 (1.0%)

-PL quadrangular resection (n°) 12 (13.1%)

-Commissuroplasty (n°) 13 (14.2%)

-Annular plication (n°) 4 (4.3%)

-Prosthetic ring (n°) 84 (92.3%)

Concomitant procedures (n°)
-AF ablation therapy 7 (7.6%)

-Tricuspid repair 13 (14.2%)

-CABG 9 (9.8%)

-Ostium primum closure (partial AVSD) 1 (1.0%)

-Associated concomitant procedures (n°) 6 (6.5%)

-CPB time (min, IQR) 101 (61–173)

-Aortic cross clamp time (min, IQR) 82 (47–141)

AL, anterior leaflet; PL, posterior leaflet; AF, atrial fibrillation; CABG,
coronary artery bypasses grafting; CPB, cardiopulmonary bypass; IQR,
interquartile range.

Video 1. AR test showing a posterior commissural residual MR after
a satisfactory saline test (ST) test. Movie may be viewed at https://rcm.
imrpress.com/EN/10.31083/j.rcm2203102.

Video 2. AR revealing the exact location andmechanismof amassive
residual MR by A2-A3 prolapse after a satisfactory SI test. Movie may
be viewed at https://rcm.imrpress.com/EN/10.31083/j.rcm2203102.
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a residual regurgitation, was confirmed by the AR test and
defined exact mechanism. In these twenty-nine patients, the
additional reparative procedures included were summarized
in Table 3.

Table 3. Operative details duringWarmAR Test.
-Additional procedures (n°) In 29 patients of 91 (31.8%)
-Scallop closure (n°) 7 (24.1%)
-Leaflet height adjustment (neochords) (n°) 6 (20.6%)
-Commisuroplasty (n°) 9 (31%)
-Associated additional procedures (n°) 7 (24.1%)
-Interval time (min, IQR) 4.3 (2–7)
-Beating time (min, IQR) 3.1 (1–5)
-Perfusion flow (mL/min) 268 (210–320)

In three cases, the ST test showed a regurgitation not ob-
served at the AR test in favor of a perfectly tight valve with
the change of the left ventricular loading conditions, avoid-
ing unnecessary additional corrective procedures potentially
compromising the initial repair. In these patients, the PP-
TEE corroborated the AR test findings.

The results were confirmed by intraoperative trans-
esophageal echocardiography after the weaning of cardiopul-
monary by-pass.

The mean antegrade reperfusion flow was 268 ± 27
mL/min. The mean time-lapse required between the start
of antegrade reperfusion and the appearance of the first con-
tractions was 4.3 ± 1.3 min. The mean time between the
first contractions and the moment when the evaluation was
achieved was 3.1 ± 1.0 min. No discrepancies between the
AR test and the PP-TEE were found in the 32 patients. PP-
TEE failed to reveal any mitral stenosis in all the patients re-
quiring a repair revision.

The details of theAR test are shown inTable 4. In four pa-
tients the PP-TEE revealed a residual MR that wasn’t noticed
at the AR test but was suspected during ST. In one case the
residual regurgitation was trivial and was respected. In one
case a grade II residual regurgitationwas left because of age of
patient and unfavorable anatomy (calcifications of the native
valvular annulus). In the two other patient a second run of
CPB was necessary, and the residual prolapse was fixed using
a neochord with a perfect result at the second AR test and the
PP-TEE.

3.4 Postoperative patient outcome

The 30-day survival rate was 100%. No air embolism was
experienced. Almost all patients (n = 86; 94.5%) were free
from major complications. Two right ventricular (RV) fail-
ures occurred in our series, requiring both a venoarterial ex-
tracorporeal membrane oxygenation (VA-ECMO), success-
fully weaned after total ventricular function recovery on day
2 (D2) and day 3 (D3) respectively. Two patients were re-
explored for bleeding, none of them had myocardial reper-
cussions.

In two cases the repair resulted in a systolic anterior mo-
tion (SAM). In one, it was concerning an undersized com-
plete prosthetic ring and was solved by its replacement with
a larger open ring. In the second case, the SAM appeared on
the 2nd postoperative D2 concomitantly with a high-rate ar-
rhythmia and was solved after adequate medical treatment of
the arrhythmia. At predischarge transthoracic echocardiog-
raphy, 83 (91.2%) patients had no regurgitation, seven (7.6%)
patients had trivial regurgitation and only one (1%) patient,
had a grade 2 regurgitation. The detailed surgical outcomes
are reported in Table 5.

4. Discussion
The major finding of this study was to replicate the

biomechanical adaptation of the mitral apparatus after repair
through theAR test. The results reported here assist to better
our understanding of the features of the mitral valve before
and immediately after the repair. With the AR test the mitral
valve leaflets, the chordae tendinae, and the papillary muscles
were tested mechanically by uniaxial cyclic extension test un-
der quasi-static conditions. The AR test reproduces the fea-
ture of the mitral valve that is closed withmaximum pressure
inside the ventricle that reaches 120mmHgduring the isovol-
umetric LV systolic phase. At this value of compression, the
ventricular ejection systole is effective.

It should be noted that the trans-mitral pressure gradient
is higher than the transaortic gradient for the low-pressure
arises in the left atrium. During ventricular isovolumetric
systole when, according to Frank-Starling’s law, the ven-
tricular myocardial fibers must stretch to ensure adequate
LVEDD, a certain degree of stress is already exerted on the
leaflets and papillary muscles that are embedded in the ven-
tricles. However, the AR test did not reproduce the entire
systolic ventricular cycle. The left ventricle is geometrically
comparable to a cylinder. During the end of the isovolumet-
ric systole and the immediate ventricular ejection to guaran-
tee the thrust of the blood out of the ventricle, the upper base
of the LV chamber moves towards the lower base rotating
around the interventricular septum. At this stage, the left
fibrous trigone of the heart is subjected to high mechanical
stress. The aortic valve and the mitral valve are in close con-
tact at the level of the left trigone so that the anterior com-
missure of the mitral valve is affected by mechanical modifi-
cations in a significant way leading to a wrinkle-induced tear
in the mitral valve leaflet tissue [14].

In detail, the data obtained in the immediate intraoper-
ative test and the related parameters recorded by perfusing
warm and oxygenated blood into the aortic root were used to
evaluate the response property of themitral valve after repair
during isovolumetric systole. However, the most important
data that emerges from the analysis of the isovolumetric sys-
tole induced by the AR test suggests that themitral valve after
repair bulged in the left atrium taking the shape of a balloon,
while the anterior leaflet of the repaired valve remained in
the left ventricle. In this context the mechanism of a resid-
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Table 4. Comparative results between intraoperative (ST/AR test) and PP-TEE findings.
ST AR-beat-test PP-TEE N°/91

Concordance/discordance (AR test/ST)
(–) (+) add-P (–) 27 (29.6%)
(+) (+) add-P (–) 2 (2.2%)
(+) (–) (–) 3 (3.2%)

Discordance (AR test/PP-TEE)
(±) (–) (+) 4 (4.3%)

Concordance (AR test/PP-TEE)
(+) (+) add-P (+) trivial 5 (5.4%)
(–) (–) (–) 50 (54.9%)

ST, saline test; AR test, antegrade reperfusion test; PP-TEE, post-pump transesophageal echocardiog-
raphy; (–), no residual regurgitation; (+), Residual regurgitation; (±), suspected residual regurgitation;
Add-P, additional procedures.

Table 5. Operative outcome.
In-hospital Deaths (n°) 0 (0%)

Morbidity
-Stroke (n°) 0 (0%)
-Perioperative myocardial infarction 0 (0%)
-LV. Failure (n°) 0 (0%)
-RV. Failure (n°) 2 (2.1%)
-Systolic anterior motion (n°) 2 (2.1%)
-Re-exploration for bleeding (n°) 2 (2.1%)
-Renal failure (n°) 0 (0%)
-Sternal wound infection (n°) 1 (1%)
Pre-discharge TTEE
-Any regurgitation (n°) 83 (91.2%)
-Trivial regurgitation (n°) 7 (7.7%)
-Grade II regurgitation (n°) 1 (1.1%)

ual leak may be detectable avoiding immediate postoperative
regurgitation [15].

In the AR test, the recorded intraventricular pressure,
measured through the aspiration branch of the cardioplegic
line, was between 60 and 80 mmHg in line with the values
of 70 and 90 mmHg reported by Tachibana et al. [11, 12].
These pressure values are estimated to be effective enough
to determine a proper tension of the mitral valve structures
and thus can give a reliable result of the repair [14]. In addi-
tion, an antegrade reperfusion flow of 300–350 mL/minute
is used in our practice. Such flow could generate an intra-
coronary pressure of 60–65 mm Hg [16]. Our interval time
was shorter than that of our colleagues Tachibana et al. [12]
3.1 min versus 8.1 min respectively [1–5, 12, 16]. This result
could be explained by the higher intra-coronary flow and the
more physiological diffusibility of the antegrade reperfusion
pathway

However, our shorter mean beating time (3.1 min) than
that reported in the Tashibana’s study (4.6 min), may be re-
lated to the fact thatwewere performing the evaluationwith-
out waiting for complete ventricular defibrillation. The first
isovolumetric contractions are enough in our point of view,
with a filled ventricle to put the entire valvular apparatus
under tension and thus allow a precise evaluation of possi-

ble residual regurgitations. Moreover, based on our shorter
test duration, it seems quite reasonable to assume that there
would be no more myocardial damage due to poor myocar-
dial protection than what has been reported by Tashibana et
al. with a longer beating time and a retrograde reperfusion
approach [12].

Besides, in the experimental study of Nonaka et al. [8],
the distance between the papillary tips and the mitral annu-
lar plane remained constant in both SI test and the beating
heart respectively. There were, therefore, no significant dif-
ferences in chords length between the two tests.

In our practice, the AR test was a determinant of the pre-
cise adjustment of the artificial chord length when required.
By tensioning the subvalvular apparatus, it allowed correct-
ing either hyper restriction by excessive neochords traction
on the free valvular edge or inversely, a residual prolapse
by insufficient traction. Furthermore, P2 bulging, observed
during the test in all patients once ventricle loaded and con-
tracting [8] induced in our practice meant we trended to-
wards a slight hyper restrictive approach on the neochords
for all P2 prolapses to obtain an optimal height at the time
we perform the test. This difference in findings may be due
to the fact that the experimental model of Nonaka et al. [8]
was canine and that the hearts studiedwere non-pathological.

Moreover, in 28 (87.5%) of the 32 cases where the AR test
was decisive, the leak was due to bi-leaflet lesions in six cases
(21.4%), to commissural lesions in thirteen (46.4%), and both
the two lesions, in nine (32.2%) cases. These results high-
light the precious contribution of the test for complex valve
lesions.

We also raised the problem of over or under-estimation
of residual leaks by the AR test. Conducting a study consist-
ing of not repairing residual regurgitation revealed by the test
and settling for a simple PP-TEE check to verify their possible
exaggeration by the latter, would pose a real ethical dilemma.
Otherwise, there were 88 patients with no residual MR or
with trivial leaks for which no discrepancy between the AR
test and the PP-TEE resulted necessitating a second pump
was noted. We, therefore, do not believe that our approach
leads to underestimation. Two patients had a residual grade
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II MR at PP-TEE despite a satisfactory antegrade test. This
could be related to the fact that the reproduced conditions
correspond more to an isovolumetric contractions phase and
could, therefore, be different from that of real ventricular sys-
tole. A dynamic residual regurgitation may still be transito-
rily present by SAM, obstructing the LV outflow tract.

Another point to ponder is the ventricular filling. The
concept of creating an iatrogenic aortic regurgitation by
keeping the atrial retractor in place during the test to keep
the aortic valve open allowing a quick left ventricular filling
has been discussed but never used because of the risk of acute
ventricular dilatation. For this reason, we choose the soft fill-
ing approach by the progressive injection of (60 to 120mL) of
blood collected in the pericardium through the mitral orifice
using a bulb syringe.

A check using both, ST test and AR test is carried out, be-
fore the implantation of the prosthetic ring facilitating the
correction of potential commissural and sub-valvular lesions.
A second check is preferable once the latter is in place which
is also recommended by our colleagues Tachibana et al. [12]
with the retrograde approach.

In case of satisfactory repair, the warm antegrade reperfu-
sion will have allowed free radicals elimination as well as re-
construction of adenosine triphosphate by myocytes before
the aortic de-clamping, which seems to improve the post-
CPB LV systolic function [17–23]. A cardioplegic reinjection
is necessary when a complementary repair or valve replace-
ment is needed.

Evidence suggests the AR test is easy to manage and re-
producible, leading to the detection of residual regurgitations
thatmay be not highlightedwith static ST. The exact location
andmechanism ofMR recurrence permit optimization of the
valve repair.

Another point in favor of using the AR test is its sim-
ple and safe additional intraoperative assessment method in
countries where valve repair surgery is preferable to replace-
ment, with regards to the younger patient population and
those with limited access to PP-TEE.

Although the retrograde heart test is another viable option
[11, 12], the AR test is easier to implement and safer. In fact,
the concerns related to the potential risk of iatrogenic damage
of the coronary sinus for the retrograde approach are not neg-
ligible in dystrophic tissues. Since the AR test uses the com-
mon platform of cardiac surgery, no additional equipment is
required, thus combining a fast maneuver with the use of a
physiological reperfusion approach.

The AR test is performed in a condition of isovolumetric
contraction and with cross clamped aorta to avoid any intra-
operative embolic incidents.

5. Limitations and future direction
Some likely limitations may burden the study. The accen-

tuated geometric distortion of the left ventricle in patients
who received a restrictive mitral annuloplasty can render the
AR test ineffective. In severe deformation of left ventricu-

lar chambers recorded with measures of LVESD >50 mm,
LVEDD >60 mm, and tenting eight >8 mm, the persistent
tethering of P3 scallop and P2/P3 scallop junctionwithout re-
covery of interpapillary muscle distance, may drastically limit
the results of AR maneuver [25–30].

The concern related to the ineffectiveness of AR test is
extended to the presence of SAM that is not detected dur-
ing themaneuver as well as patients with aortic regurgitation
who should not be considered for testing [31]. Although we
did not highlight myocardial damage issue related to coro-
nary reperfusion in beating heart condition with the use of
AR test; however, this concern must be considered as a pit-
fall.

Finally, we believe that a more complete investigation is
advised with a study enrolment that includes two compared
patients population. The precise evaluation of intraventric-
ular pressure and biomechanical modeling simulation using
the finite element analysis study may be useful for the evalu-
ation of AR test during the systolic phase of ventricular ejec-
tion [25–30].

6. Conclusions
Mitral valve repair is the preferred treatment of mitral

regurgitation in modern cardiac surgery with better results
when compared to valve replacement; hence, intraoperative
evaluation of the repair under the most physiological condi-
tions possible before closing the left atrium and weaning the
CPB is essential. The results of using the AR test in the intra-
operative MVR assessment appear to be satisfactory, with a
high degree of concordance between its findings and those of
the PP-TEEwas found. Its usage for assessing repair integrity
after the saline injection test significantly reduces the rate
of existing discrepancies between the intraoperative naked
eye assessment results and those of the PP-TEE, leading to a
safe and more optimized valve repair. Nevertheless, further
studies on larger patient samples with this new approach are
needed to consolidate our results.
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