
This technique could be useful for ischemic mitral regurgitation in
patients who have localized dyskinesis in the posterior left ven-
tricular wall.
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The intraoperative “ink test”: A novel assessment tool in mitral
valve repair

Ani C. Anyanwu, MD, FRCS, and David H. Adams, MD, New York, NY

Mitral valve repair is the established therapy of
choice for most patients with mitral regurgitation.
Assessment of repair quality traditionally relies on
visual inspection, saline testing, and transesopha-

geal echocardiography (TEE). Although invaluable in assessing
valve competency, the saline test is limited because it does not
provide confirmation of the surface of coaptation; a valve that is
competent on saline testing might actually have a minimal surface
of coaptation or excess anterior leaflet tissue below the closure
line. Although TEE might demonstrate such imperfections (spe-
cifically inadequate zone of coaptation or a tendency for systolic
anterior motion), there is an understandable reluctance to reinsti-
tute cardiopulmonary bypass to address such TEE findings if the
valve is otherwise competent. Such a strategy, however, leaves
some patients with an inadequate surface of coaptation and might
be one explanation for recurrent mitral regurgitation.1 There is a
need for a technique that allows the surgeon to confirm the amount
of leaflet tissue below the valve closure line before weaning from
cardiopulmonary bypass. We describe a simple “ink test,” which
allows an accurate assessment (and optimization) of the surface of
coaptation during mitral valve reconstruction.

Technique
At completion of valve reconstruction, a saline test is performed by
using a bulb syringe to inject saline into the ventricular cavity until the
mitral leaflets are distended and in an approximate systolic position.
Assuming no residual leaks are identified (which should first be
corrected by appropriate techniques), the detached tip of a surgical
gentian violet marking pen (Codman, Raynham, Mass) is held with a
clamp and used to mark the line of closure from the anterior to the
posterior commissure, leaving a residual reference line on both leaf-
lets (Figures 1, A, and 2, A). Optimally, one should see a symmetric
line of closure displaced toward and parallel to the posterior aspect of
the annuloplasty ring. The saline is then aspirated from the ventricle,
allowing inspection of each leaflet. The height of the residual leaflet
below the marked closure line represents the leaflet available to create
the surface of coaptation (Figure 1, B, and 2, B). This unmarked zone
is examined. In an optimal repair there should more than 4 mm of
leaflet beyond the marked line (because some ink enters the coapta-
tion zone, the ink test underestimates the true coaptation surface by a
few millimeters). In the case of minimal tissue identified beyond the
closure line, adjunct techniques are applied to improve the surface of
coaptation, such as further leaflet mobilization by cutting secondary
chordae, downsizing of the annuloplasty ring, and cleft closure. The
ink test also allows confirmation that no more than 1 cm of anterior
leaflet tissue is below the coaptation line (Figures 1, B). Because
excessive anterior leaflet tissue distal to the coaptation line can pre-
dispose to systolic anterior motion, if identified, this should be cor-
rected by height reduction of either leaflet.

Discussion
An adequate mitral valve repair should result in a competent valve
with a symmetric line of closure and adequate surface of coaptation.
Symmetry of the closure line and competency are demonstrable on
saline testing.2 Our ink test provides further clarification of the quality
of repair by confirming an optimal surface of coaptation below the
closure line (a 1-mm coaptation surface might be “competent” but not
optimal). An adequate surface of coaptation is essential for a durable
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repair,2-4 particularly in type IIIb dysfunction, in which a minimal
surface of coaptation will likely predispose to recurrent mitral regur-
gitation in the event of adverse ventricular remodeling.3,5 The ink test
therefore might provide useful information that enables the surgeon to
further optimize the repair result during valve reconstruction. Given
the unlikelihood that the surgeon will reinstitute cardiopulmonary
bypass in the setting of minimal surface of coaptation in a competent
valve seen on postbypass TEE, the ink test provides the surgeon with
a method of detecting and correcting deficiencies in the coaptation
surface that would otherwise have been accepted (if first detected on
TEE). We believe our test has the potential to facilitate higher-quality
valve reconstruction, which might have long-term implications in
terms of freedom from recurrent mitral regurgitation. Further study is
necessary to correlate the ink test approach with echocardiographic
and clinical outcomes.
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Figure 1. The ink test in Barlow’s mitral valve repair. Panel A shows a marked closure line after a repair of a
Barlow’s valve by using sliding valvuloplasty and a Carpentier–Edwards Physio ring (Edwards Lifesciences, Irving,
Calif). The closure line is symmetric, and the ratio of posterior to anterior leaflet is optimal. Panel B shows an
adequate surface of coaptation of both leaflets beyond the marked line. Notably, there is no more than 1 cm of
anterior leaflet below the marked line, making the possibility of systolic anterior motion remote.

Figure 2. The ink test in ischemic mitral valve repair. Panel A shows a marked closure line in an ischemic mitral
valve repaired with a Carpentier–McCarthy–Adams Etlogix ring (Edwards Lifesciences, Irving, Calif). A symmetric
line of closure is demonstrated very close to the posterior annulus, implying most of the (restricted) posterior
leaflet is now involved in coaptation. Panel B demonstrates that an adequate surface of posterior leaflet beyond
the marked line is available for coaptation.
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