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ON-LINE ASSESSMENT OF REGIONAL VENTRICULAR WALL MOTION BY TRANSESOPHAGEAL
ECHOCARDIOGRAPHY WITH COLOR KINESIS DURING MINIMALLY INVASIVE CORONARY ARTERY

BYPASS GRAFTING

Keiju Kotoh, MD? Objective: Our objective was to determine the changes in regional ven-
Go Watanabe, MB tricular wall motion during minimally invasive direct coronary artery
Katsushi Ueyama, MD bypass grafting by color kinesis using transesophageal echocardiogra-
mg?grisguizi?k&hgm phy. Methods: Minimally invasive coronary artery bypass grafting was
Takurou Misaki,’MD performed in 34 patients, during which transesophageal echocardiogra-
Masahiro Wakasugi, MD phy was used. Thirteen patients had isolated disease of the left anterior
Yusuke Ito, M descending artery. Regional ventricular wall motion was analyzed by

color kinesis with the SONOS 2500 transesophageal echocardiograph
(Hewlett-Packard Co, Andover, Mass). On-line assessment of regional
wall motion was continued during the operation.Results: Wall motion
abnormalities during ischemia were present in 4 cases, left ventricular
mid-anterior hypokinesis in 3 cases, and left ventricular apical-lateral
hypokinesis in 1 case. In all cases, wall motion was maintained after
bypass. In patients with total coronary occlusion, changes in wall motion
did not occur during anastomosisConclusions:Color kinesis allowed us
to evaluate the change in regional ventricular wall motion induced by
myocardial ischemia during minimally invasive coronary artery bypass
grafting both objectively and quantitatively. (J Thorac Cardiovasc Surg
1999;117:912-7)

n minimally invasive cardiac surgery, transesophageal fusion has not been reported. The purpose of this study
I echocardiography is widely used to determine cardiac was to evaluate color kinesis in assessing regional wall
function or to monitor regional wall motion for myocardial motion during temporary coronary occlusion and after
ischemia. However, conventional 2-dimensional echocar- reperfusion during minimally invasive coronary artery
diographic assessment of regional wall motion is experi- bypass grafting (CABG).
ence dependent and subjective. To facilitate the evaluation
of regional wall motion, color kinesis has been devel-

oped:? Color kinesis can automatically determine the Patients. Thirty-four patients (27 men, 7 women: mean age
endocardial excursion by acoustic quantification and 65.0 + 9_3' years; range 48-83 years) ,referre d fc;r minimally
demonstrate the change in wall motion in color layers on &, .<ive CABG t;etween March 1997 and March 1998 were
single end-systolic frame. Recent studies have demonstratz,qjyated. Informed consent was obtained before the opera-
ed the validity of color kinesis for the evaluation of left ton in all patients. Thirteen patients had isolated disease of

ventricular wall motion in patients with coronary artery the left anterior descending artery (LAD), and 21 patients had
disease and dilated cardiomyopatfiy-lowever, experi- multivessel disease. Twelve patients had total obstruction of
ence in patients with acute myocardial ischemia or reper-the LAD. The types of conduits and the grafted coronary
arteries are shown in Table I. The left internal thoracic artery
(LITA) was anastomosed to the LAD in all patients.
From the Departments of Surgérgnd Anesthesiology, Toyama Operative procedures. The patients had high thoracic
Medical and Pharmaceutical University, Toyama, Japan. (T3/4 or T4/5) epidural catheters inserted 1 day before the
Received for publication Sept 9, 1998; revisions requested Nov 6, haration. Thoracic epidural anesthesia concomitantly using
1998; revisions received Jan 11, 1999; accepted for publication - .
Jan 12, 1999. sevoflurane and propofol was the primary type of anesthesia
Address for reprints: Keiju Kotoh, MD, Department of Surgery, used for minimally invasive CABG. The cardiac sympathetic
Toyama Medical and Pharmaceutical University, 2630 Sugitani, Ssegment was blocked by thoracic epidural anesthesia, and the

Methods

Toyama 930-0194, Japan. heart rate was usually stabilized at 45 to 60 beats/min without
Copyright © 1999 by Mosby, Inc. a -blocker or calcium antagonist. The details of our surgical
0022-5223/99 $8.00 + 012/1/97048 technique of minimally invasive CABG have been previously
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Fig 1. Example of 2-dimensional echocardiographic still frames obtained along the shorteaxat dfferent
times during systole with color kinesi&, in early systole66 ms after the R ave; B, in mid-systole 165 ms
after the R vave; C, in end-systole363 ms after the R ave. From early systole to end-systad@ increasing
number of colors was etvn with progresive inward endocardiaxcursion.

reported l Watanabe and associat€sBefore the arterial
conduits were idided, heparin sodium (1.5 mg/kg) was/gn
intravenousy. Before the anastomosisitroglycerin (0.5
pg/kg per minute) and lidocaine hydrochloride (1 mg/kg)
were dgven for myocardial protectiorand a 5-minute coro-
nary artery occlusion falved by a 5-minute period of reper-
fusion was performed to induced ischemic preconditioning. If
significant electrocardiographic TSsegment changes oc-
curred during ischemic preconditioningee repeated inter-
mittent occlusion everal timesAfter the anastomosigrota-
mine sulfate (0.75 mg/kg) wasvgn intiavenousy.
Echocardiography and color kinesis.After induction of
anesthesia and endotracheal intubatermultiplane trans-
esophageal echocardiographic probe (5 MHuaodel
21364A; Hwlett-Packard CoAndover, Mass) was inserted

Table 1. Clinical data of patients

Age (y) 65.9+ 9.3

No. of stenosedessels
One 13
Two 12
Three 9
Left main 4
Total occlusion of LAD 12

Type of coronary artery bypass
LITA-LAD 23
LITA-LAD, GEA-RCA 2
LITA-LAD, RITA-RCA 2
LITA-LAD, GEA-Cx 3
LITA-LAD, LITA-RA-Cx 3
LITA-LAD, LITA-IEA-Cx, GEA-RCA 1

LAD, Left anterior descending artemyiTA, left internal thoracic arter\GEA

into the esophagus and connected to the SONOS 2500 gastroepiploic artery®CA right coronary arteryRITA, right internal thoracic

echocardiographic system éhllett-Packard) The leftventri-
cle was imaged along the long-axghort-axis and fou-
chamber wws in sequence dirst. Color kinesis was fol-
lowed by continuous imaging in the transgastric short-axis
and long-axis \aws during the coronary artery occlusion.
The color kinesis method compares backscattdues
between succes® acoustic frames and displays endocardial
motion in color layers on a single end-systolic franTde
first frame legins after the R awe, and the interal of each
frame is 33 m3A different color is added for each frari@ée
early systolic frame is orangé¢he mid-systolic frame is

artery, Cx, circumflex artery;RA radial artery]EA, inferior epigastric artgr

green and the end-systolic frame is bluEhe last frame is

363 ms after the R ave (Fig 1). Baseline imaging was per-
formed before the initial skin incision. On-line assessment of
regional wall motion was continued from 15 minutes before
coronary artery occlusion to the end of the operation
regional wall motion abnormality was filred as decrease in
the color layers of more than 3 mm or a decrease of more than
2 color frames (66 ms) in the color laye
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Fig 2. Example of color kinesis images obtained from a patient with apical-lateral hypokikdsi$ore occlu-
sion of the LAD;B, 10 minutes after occlusion of the LA, 10 minutes after reperfusion of the LADhe
color layers were much thinner in the apical-lateegion during ischemiéB).

Electrocardiography. In all patients standardextremity tion or depression was measured to the nearest 0.5Amm
electrocardiographic leads were recorded during the opera- abnormal electrocardiographic response wdieeé as an
tion. The epicardial electrocardiogram of the myocardial ST-segment @viation of 1.0 mm or more.
ischemic area was recorded in 14 patienfsssgment ebva- Hemodynamic variables. Intraoperatve hemodynamic
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Fig 3. Example of color kinesis images from patients with minimaiyagve CABG A, before minimally nva-
sive CABG;B, at the end of the CABG operatiofhe impovement of anteroseptal wall motion waswh by
the presence of much thicker color layers after minimallgsve CABG.

variables were recorded for each stage 5 minutes before theTable Il. Hemodynamic variables
coronary artery occlusigh minutes after the coronary occlu-
sion and 5 minutes after the coronary artery reperfusion.
Systolic blood pressure readings were obtained from an arte-
rial cathete and pulmonary artery systolic and diastolic pres- Systolic blood presser 97+8 94+8 100+ 8
sure readings were obtained from a pulmonary artery cathete ~ (mm Hg)

The cardiac inek was measured by a thermodilution method. ~Systolic pumonary pressir 23+38  23+4.3  22+33

Befae
occlusion  Occlusion Reperfusion

Statistical analysis.All values aresxpressed as mean + (mm Hg)
" Y P . Diastolic pulmonary presserr 12+ 3.0 13+3.1 12+ 2.7
standard eviation. Meanvalues were analyzed with the (mm Hg)
paired Studenttest. Heart rate (beats/min) ~ 61+6  62+8  65+9

Cardiac inéx (mL/min/n?) 2.6+ 0.6 26+06 2.7+0.6

Result

Color kinesisfindings. Color kinesis was performed
in all patients in this styd Wall motion abnormalities
during temporary coronary occlusion were detected in detected during the creation of theTAFHLAD anasto-
4 cases (12%)eft ventricular mid-anterior hypokine-  moses in these patienhe patient with apical-lateral
sis in 3 casesnd leftventricular apical-lateral hypoki-  hypokinesis had Sessel diseasand hypokinesis was
nesis in 1 case. Of the 3 patients with mid-anterior detected during the creation of theTAFLAD anasto-
hypokinesis 2 had mulivessel disease and 1 had sin- mosis (Fig 2). In all patientsvall motion normalized
gle-vessel diseaseWall motion abnormalities were  within 5 minutes of reperfusion. Changes in wall
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motion during creation of the anastomosis were not
observed in patients with total coronary occlusion. Left
ventricular wall motion, as measured by color kinesis,
had improved by the end of minimally invasive CABG
in 7 patients (Fig 3).
Hemodynamic variables. Systolic blood pressure

during temporary coronary occlusion (94 £ 8 mm Hg)
was decreased significantly in comparison with the

The Journal of Thoracic and
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were recorded without wall motion abnormalities in 3
patients. In minimally invasive CABG, the pericardium
was displaced to facilitate anastomosis, especially dur-
ing anastomoses to the circumflex or right coronary
artery. We occasionally observed that the echocardio-
graphic views of the left ventricle were limited after
pericardial traction during that time. In these cases,
transesophageal echocardiography may be insufficient

measurement taken 5 minutes before coronary artery to evaluate wall motion.

occlusion (97 + 8 mm HgP = .037) and 5 minutes
after coronary artery reperfusion (100 + 8 mm Rg;
.0008). Pulmonary artery systolic and diastolic pres-

sure, cardiac index, and heart rate did not change sig-

nificantly (Table II).
Electrocardiographic findings. Significant electro-

Color kinesis has several limitations. First, color
kinesis is affected by cardiac translation owing to ven-
tilation and rotatiod® During surgery, however, car-
diac translation can be controlled by using manual ven-
tilation. Next, in 2-dimensional echocardiography, wall
motion abnormalities are evaluated by wall motion and

cardiographic ST changes occurred in 4 patients (12%) wall thickness. Color kinesis assesses wall motion, but
during creation of the LITA-LAD anastomoses. The ST not wall thickness. Thus the efficacy of color kinesis in
changes were recorded simultaneously with both the this regard has not been determined yet. Recently, sev-
extremity electrocardiographic leads and the epicardial eral attempts have been made to make color kinesis
electrocardiograms. In 1 of these 4 patients, we more quantitative. A segmental analysis of color kine-

observed an impairment of wall motion by color kine-
sis and found an isolated 70% obstruction of the left
main trunk. The other patients had greater than 90%
stenosis of the proximal LAD.

Discussion

Color kinesis can easily and objectively evaluate
regional wall motion by changes in color tone, because
it uses acoustic quantification to represent the systolic
endocardial excursion by time phase. Accordingly, it

has been reported that color kinesis can reduce interob-

server variability resulting from differences in experi-
ence, which has been a problem in 2-dimensional

sis provides quantitative indices of magnitude and tim-
ing of regional endocardial motidh Another method
assesses the velocity of endocardial motion with color
kinetic image$2 We hope these methods will permit
guantitative analysis of wall motion in the future.

Conclusion

Color kinesis by acoustic quantification can help to
evaluate the reduction in regional wall motion resulting
from ischemia of the myocardium in minimally inva-
sive CABG. This method is considered to be extreme-
ly easy and effective in monitoring circulatory kinetics
by transesophageal echocardiography during minimal-

echocardiography, and that even an unskilled observer ly invasive CABG.

can help to evaluate wall motion easily and accurdtely.
Moreover, this method can help to evaluate wall motion
continuously in real time. On the basis of these find-
ings, color kinesis is considered to be extremely useful
in evaluating wall motion changes during minimally
invasive direct CABG in which ischemia of the coro-
nary artery is inevitable.

A difference was seen between the detection of the
wall motion abnormalities and electrocardiographic ST
changes. For 4 patients in our study, color kinesis
recorded a reduction in regional wall motion in the
ischemic area. However, only 1 of these patients had
ST changes during coronary artery occlusion. It has
been reported that reduced regional wall motion during
ischemia is not always associated with ST chafges.
Therefore, color kinesis may provide a more sensitive
means to monitor localized ischemia during surgery.
On the other hand, electrocardiographic abnormalities
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