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The Influence of Collateral Flow on the Antegrade and
Retrograde Distribution of Cardioplegia in Patients
with an Occluded Right Coronary Artery

Solomon Aronson, M.D., F.A.C.C.,* Eric Jacobsohn, M.B.Ch.B., F.R.C.P.C.,t Robert Savage, M.D., F.A.C.C.t

Mario Albertucci, M.D., F.A.S.C.§

Background: The predictive value of electrocardiography
(ECG) and coronary angiography for cardioplegia distribution
in patients with an occluded right coronary artery was evalu-
ated.

Methods: Coronary angiograms and ECGs were evaluated in
15 patients with right coronary artery occlusion. Prediction of
antegrade cardioplegia distribution was based on ECG evidence
of infarction and coronary collateral flow determined from the
angiogram. Antegrade and retrograde delivery of cardioplegia
was directly assessed in all patients by myocardial contrast
echocardiography. Intraoperative transesophageal echocardio-
graphic images of the right ventricular free wall, the apex, and
the intraventricular septum were recorded while 4 ml of Albu-
nex (Mallinckrodt Medical, St. Louis, MO) was injected into
antegrade and retrograde cardioplegic catheters during cardio-
plegia delivery. The observed (myocardial contrast echocardi-
ography) cardioplegia distribution was compared to the pre-
dicted cardioplegia distribution. Sensitivity, specificity, positive
predictive values, and negative predictive values were calcu-
lated.

Results: Eighty seven of 90 (97%) segments were analyzed.
Angiography and ECG poorly predicted incomplete cardiople-
gia distribution. Electrocardiography was a better predictor of
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inadequate cardioplegia distribution to the right ventricle than
was angiography. The negative predicted values of cardioplegia
distribution ranged from 20 to 50% for the septum and right
ventricle, respectively, with ECG criteria and from 0 to 33% for
the septum and apex, respectively, with angiographic criteria.
Antegrade cardioplegia delivery was distributed to the right
ventricle in 31% of patients, despite 100% occlusion of the right
coronary artery; whereas retrograde cardioplegia delivery to
the right ventricle occurred 20% of the time.

Conclusions: In the presence of 100% right coronary artery
occlusion, retrograde cardioplegia delivery is not often ob-
served and antegrade delivery of cardioplegia to the right ven-
tricle is not easily predicted. The preoperative angiography and
ECG are not predictive of coronary collateral circulation and
therefore not predictive of cardioplegia distribution to the right
ventricle. (Key words: Angiography; cardioplegia distribution;
contrast echocardiography; electrocardiography; right coro-
nary artery.

IN the United States, more than 90% of coronary artery
bypass graft (CABG) operations involve occlusion of the
ascending aorta with cardioplegia administered to pro-
tect the heart during cardiopulmonary bypass.'® For
cardioplegia to be effective, however, the solution
should be distributed adequately to all regions of the
heart.” Underlying native coronary artery anatomy”° and
collateral flow” are critical factors for cardioplegia distri-
bution and for preventing myocardial dysfunction.

It has been noted by some”®® that in the presence of
complete coronary artery obstruction, retrograde coro-
nary sinus perfusion can be protective, whereas oth-
ers’ ! have questioned the effectiveness of retrograde
cardioplegia delivery for providing satisfactory protec-
tion. In particular, right ventricular dysfunction has been
reported after CABG surgery, despite antegrade or retro-
grade cardioplegia administration.'*”"” Total occlusion
of the right coronary artery (RCA) can impede antegrade
delivery of cardioplegia to the right ventricle, and retro-
grade cardioplegia delivery to the right ventricle has
been shown to be unreliable.”'"'°~'? Protection of the
right ventricle in particular therefore may be a clinical
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challenge in patients with an occluded RCA. Inadvertent
maldistribution or nondistribution of cardioplegia to the
right ventricle is not easily predicted clinically. We used
intraoperative  myocardial contrast echocardiography
(MCE) in patients with total occlusion of the RCA to
directly assess the distribution of cardioplegia delivery to
the right ventricle, the left ventricle, the apex and the
intraventricular septum during antegrade and retrograde
delivery of cardioplegia and to determine collateral flow
supplying the right ventricular free wall. We also evalu-
ated the ability of preoperative ECG and coronary an-
giography for predicting cardioplegia distribution and
compared predictions to cardioplegia distribution di-
rectly assessed with intraoperative MCE.

Methods

After obtaining institutional approved and individual
informed consent, 15 patients were observed during
elective CABG surgery. All patients enrolled in the study
had preoperative coronary angiographic evidence of
RCA occlusion. Exclusion criteria included cerebral vas-
cular insufficiency, aortic insufficiency, or a history of
allergy to contrast dye. Routine anesthetic administra-
tion and monitoring were not modified at any point
during the surgical procedure. All patients were evalu-
ated and monitored with transesophageal echocardiog-
raphy immediately after intubation until the end of sur-
gery. Surgical techniques were modified to permit
contrast injections. Cardiopulmonary bypass with mod-
erate hypothermia was instituted via an ascending aortic
and right atrial, two-stage, single-venous cannula. After
cardiopulmonary bypass was instituted and the proximal
aorta was occluded, all patients underwent initial car-
dioplegic induction with antegrade delivery of cold
blood, crystalloid cardioplegic solution, or both for 3
min (average dose, 900 ml). Antegrade cardioplegic in-
duction was initiated at 150 ml'-min~ "m 2. Immediately
after infusion of the antegrade-delivered cardioplegia so-
lution, mild suction was placed on the aortic vent, and
cardioplegic solution was administered retrogradely
through a conventionally placed transatrial cannula with
a self-inflating balloon-tip coronary sinus catheter (model
94315T; Medronic DLP, Grand Rapids, MI). Retrograde
delivery of cardioplegic solution continued for 3 min.
Retrograde cardioplegia delivery was administered to
maintain a coronary sinus catheter pressure of 40-50
mmHg. Catheter placement was confirmed by manual
palpation, inspection of the coronary sinus pressure dur-
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Fig. 1. Two-dimensional transesophageal echocardiogram of
the right ventricular free wall, the apex, and the interventricu-
lar septum. The transducer was positioned to provide an echo-
cardiographic window to view the right ventricular free wall,
the interventricular septum, and the apex without shadowing
or dropout of these regions. Note lateral wall dropout in this
image.

ing retrograde flow, and imaging of the tip of the retro-
grade catheter in the coronary sinus with intraoperative
transesophageal echocardiography. Albunex (Mallinck-
rodt Medical, St. Louis, MO) contrast medium (4 ml) was
injected into the antegrade (aortic root) cardioplegic
catheter at 1 min after onset of antegrade cardioplegia
delivery and into the coronary sinus catheter at 1 min
after onset of retrograde cardioplegia delivery.
Transesophageal echocardiographic images of the
right ventricular free wall, the apex, and the intraven-
tricular septum were obtained in the long-axis imaging
plane using a 5.0-mHz transducer, (Sonos 2500: Hewlett-
Packard, Andover, MA) (figs. 1 and 2). Images were
recorded on 1/2-inch videotape during each contrast
injection. Optimal power- and time-gain settings were
obtained for each patient before contrast injection and
were kept constant throughout the rest of the study.
Distribution of antegrade- and retrograde-delivered car-
dioplegia solution was determined at the time of surgery
by analysis of recorded images from the ultrasound video
monitor (fig. 3). These images of contrast-enhanced per-
fusion patterns were again graded off-line by the original
observer and an independent observer, (both blinded to
the results of the on-line grade). Both observers assigned
a score to each of the three regions of interest (septum,
apex, and right ventricular free wall) using the following
scale: 0 = no enhancement; 1 = partial enhancement;

2 = complete enhancement; 3 = unable to measure

T
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Fig. 2. Schematic representation of the two-dimensional trans-
esophageal echocardiogram obtained to evaluate cardioplegia
distribution showing the long axis of the left ventricle. The
right ventricular free wall, the apex, and the interventricular
septum were scored region by region, as depicted in this car-
toon representation of the echocardiogram.

because of inadequate image (Z.e., lateral wall dropout).
During the off-line analysis, if the two observers dis-
agreed, then a third observer, blinded to the results of
the initial observers, was asked to score the region in
dispute. For the purpose of evaluation of the data, two
separate analyses were performed. First a score of 2 was
considered positive for cardioplegia distribution and a
score of 0 or 1 was considered negative for cardioplegia
distribution in a region. Second, an analysis was also
reported with a score of 2 or 1 considered positive for
distribution and a score of 0 considered negative for
cardioplegia distribution. Inter- and intraobserver scor-
ing variability was evaluated.

Two observers blinded to the intraoperative contrast
enhanced cardioplegia distribution scores predicted an-
tegrade cardioplegia distribution based on evaluation of
the preoperative electrocardiogram and preoperative an-
giogram. The ECG criteria for predicting cardioplegia
distribution were based on the presence or absence of a
Q-wave myocardial infarction®” suggesting an occluded
or severely stenotic vessel lumen. Inferior wall myocar-
dial infarctions were considered when Q waves were
observed in leads II, III, and aVF. A septal wall myocar-
dial infarction was considered when Q waves were ob-
served in leads V, and V. An apical infarction was noted
when Q waves were observed in leads Vs and V,,, and a
posterior wall infarction was presumed when dominant
R waves were seen in leads V, and V,. By these ECG
criteria, it was predicted that no cardioplegia was to be
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delivered to the region with an infarction from the an-
tegrade delivery route. The inferior and posterior regions
were presumed to reflect right coronary flow.

Statistical Methods

Ninety-five percent exact binomial confidence inter-
vals for percent of patients with positive contrast scores,
sensitivity, specificity, and predictive values were calcu-
lated using Stata (Stata Statistical Software, Release 5.0;
Stata Corporation, College Station, TX). Sensitivity, spec-
ificity, positive predictive value, and negative predictive
value were calculated when predictions were compared
to regional cardioplegia distribution as determined by
contrast echo evaluation. A true-positive was defined
when ECG criteria predicted cardioplegia distribution to
a region and MCE showed regional cardioplegia delivery
to the same region. A false-positive was defined when
ECG predicted cardioplegia distribution and MCE did not
show cardioplegia delivery to that region. A false-nega-
tive was defined when ECG predicted no cardioplegia
delivery and MCE showed cardioplegia delivery and,
finally, a true-negative was defined when ECG predicted
no regional cardioplegia delivery and MCE also did not
show cardioplegia distribution to the region of interest.

Preoperative coronary angiograms were evaluated for
native epicardial anatomy and for collateral coronary
circulation supplying the right ventricle, the left ventric-
ular apex, and the intraventricular septum. The classifi-
cation of coronary collateral blood flow supplying a
particular region was determined to be either good or
poor. The degree of opacification of the epicardial seg-
ment of the recipient artery in the coronary angiogram
and the faint visualization of collaterals and epicardial
arteries distal to the occluded RCA was the basis for
classification of poor coronary collateral circulation in
the patients examined. All angiograms were interpreted
by experienced observers. Sensitivity, specificity, posi-
tive predictive value, and negative predictive value were
also calculated for predicting cardioplegia distribution
based on the estimation of collateral circulation from
angiography when compared to regional cardioplegia
distribution determined by contrast enhanced echocar-
diography. Similar criteria were used to define true-
positive (e.g., angiography predictive of cardioplegia de-
livery and MCE-confirmed delivery) true-negative, false-
positive, and false-negative as were used for ECG
analysis.
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Fig. 3. (4) Two-dimensional mid-atrial, four-chamber transesophageal echocardiogram of the myoc
before antegrade contrast injection. (B) Same image obtained immediately

within the myocardium is beginning to appe
frames later showing the appearance
(D) The same image a few
in the apical, septal, and right ventricular regions.

Results

Thirty injections were evaluated in 15 patients. Ninety
myocardial segments were evaluated at the time of car-
diopulmonary bypass and (table 1) 87 of 90 possible
regions (96.7%) were scored for the presence of cardio-
plegia delivery. Inadequate imaging of a region of inter-
est (Ze., apex, septum, and right ventricular free wall)
was the reason three segments were not analyzed.

In the presence of a 100% RCA-occlusive lesion, deliv-
ery of cardioplegia to the right ventricle was not reliable
from either the antegrade or the retrograde delivery.
However, antegrade delivery provided cardioplegia dis-
tribution to the right ventricle in approximately one-
third of patients, despite the presence of 100% occlusion
of the RCA (table 2). Retrograde delivery of cardioplegia
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ardium, obtained immediately
after antegrade contrast injection. Note opacification

ar in the septum, the right ventricle, and the apex. (C) The same image recorded a few
of contrast washout in the apical region of the myocardium and the right ventricular free wall.
more frames later (approximately 9 s after injection). The image now shows the contrast washout effect

to the right ventricle only occurred in 20% of patients
with 100% occlusion of the RCA. Preoperative ECG
poorly predicted regions at risk for incomplete ante-
grade cardioplegia delivery (ie., negative predictive
value, 20% for the septum and 50% for the apex and right
ventricle) (table 3). Preoperative angiography poorly
predicted regions at risk for incomplete antegrade car-
dioplegia delivery as well (i.e., negative predictive value
for the septum was 0%, for the apex was 33%, and for the
right ventricle was 25%) (table 4). Between ECG and
angiography, preoperative clectrocardiography was a
better predictor of inadequate antegrade cardioplegia
delivery to the right ventricle. Angiography did not pre-
dict inadequate retrograde cardioplegia distribution to
the right ventricle.
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Table 1.
Contrast Score EKG Prediction Angiogram Prediction
Patient
Number Injury Type SEP APX RV SEP APX RV SEP APX RV
1 Antegrade il 0 0 + 4 3 4L + +
Retrograde 1 1 0
2 Antegrade 2 2 1 + + i + 4 i
Retrograde 2 2 0
3 Antegrade 2 2 2 - + 1 + 4 4
Retrograde 2 3 0
4 Antegrade 1 0 0 - = = e i i
Retrograde 1 1 0
5 Antegrade 2 2 0 + . = + i =
Retrograde 2 2 2
6 Antegrade 2 2 il + + - = = +
Retrograde 2 2 0
i Antegrade 0 0 0 = + + 4 4 4
Retrograde 2 2 1
8 Antegrade 2 1 3 3 + - S + 4
Retrograde 1 1 0
9 Antegrade 2 2 2 + - + 4 i 0
Retrograde 2 2 0
10 Antegrade 1 1 3 + + it + + -
Retrograde 2 2 0
i Antegrade 2 0 0 + + + i .- L
Retrograde 2 2 1
12 Antegrade 1 1 1 ~ - - e 4 +
Retrograde 1 1 0
13 Antegrade 2 2 2 — - - 4t - =
Retrograde 2 2 2
14 Antegrade 2 2 2 i + + S 3 -
Retrograde 2 2 1
15 Antegrade 2 0 0 o - = it o il
Retrograde 2 2 2

0 = no opacification (enhancement); 1 = partial opacification; 2 = complete opacification; 3 = unable to score; + = cardioplegia should reach area; — =
cardioplegia should not reach area; RV = right ventricular free wall; SEP = septum; APX = apical regional.

There was complete concordance for intraobserver
contrast scoring when on-line analysis of regional con-
trast enhancement at the time of surgery was compared
by the same observer to offline review of the video-
recorded images. There was similarly no disagreement
among observers who classified angiographic collateral
flow to be either good or poor to the regions of interest
that were evaluated.

When interobserver variability was evaluated, it was
noted that 75 of 90 myocardial segments (84%) were
scored the same way by the two observers during inde-
pendent review of the recorded video images. When
interobserver scoring discordance necessitated a third
observer to submit a score, (15 of 90 regions) the third
score always agreed with one of the original two seg-
mental contrast scores (table 5). Scoring discordance
never differed by a score of more than 1 and was most
commonly observed in the septal (6 of 15) and apical (6
of 15) regions.
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The most common scoring discrepancy was between
grades 2 and 1 (12 of 15) with scoring discrepancy
between grades 0 and 1 being realized 3 of 15 times.
Nine of 15 discordant scores were observed during ret-
rograde injections, and 6 of 15 were observed during
antegrade contrast injections.

Discussion

Right ventricular dysfunction is common after CABG
surgery.'*”'” Right ventricular preservation is a clinical
challenge, especially in a patient with occlusion of the
RCA in whom antegrade cardioplegia is not expected to
reach areas distal to the stenosis and in whom retrograde
administration of cardioplegia is associated with inade-
quate right ventricular distribution and poor functional
recovery.'®?'"?* Although some®”7%5%% reported the
importance of identifying reversible predictors of func-

L
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Table 2. Number (%) of Patients with a Contrast Score of 2
and a Score of 1 or 2 in the Intraventricular Septum, Apex,
and Right Ventricular Free Wall (RV)

Cardioplegia Distribution

Contrast Injection Site Septum Apex RV

Contrast score of 2

Antegrade 10/15 (67 %) 7/15 (47%)  4/13* (31%)
95% ClI 38-88% 21-73% 9-61%
Retrograde 11/15 (73%)  10/14* (71%) 3/15 (20%)
95% ClI 45-92% 42-92% 4-48%
Contrast score of 1
or 2

Antegrade 14/15 (93%) 10/15 (67%)  7/13* (54%)
95% ClI 68-100% 38-88% 25-81%
Retrograde 15/15 (100%) 14/14* (100%) 6/15 (40%)
95% ClI 82-100% 81-92% 16-68%

Cl = confidence interval; RV = right ventricular free wall.
Numerator denotes the number of patients with a contrast score of either 1 or 2.

* Denominators <15 reflect inability to score due to inadequate image. (refer
to Table 1 and text for definition).

tional outcome and maintaining an optimal global myo-
cardial biochemical balance during the time of cardio-
pulmonary bypass to ensure myocardial protection, it
remains that complete and homogeneous distribution of
cardioplegia to all regions of the myocardium is an im-
portant predictor for preserving left ventricular function
after cardiopulmonary bypass. The route of cardioplegic
delivery, the presence of RCA stenosis, and the degree of
coronary collateral blood flow are significant variables
that influence myocardial protection, because agents
designed to preserve myocardial function in jeopardized
but viable tissue must be delivered to the target tissue to
be effective. Retrograde administration of cardioplegia
through the coronary sinus has been shown to provide
only moderate cooling of the right ventricle after cold
retrograde blood cardioplegia'®***” and inadequate de-
livery to the right ventricular free wall during contrast
echocardiographic studies.”'°

Evidence confirmed significant anatomic variation of
the coronary venous system.'” It was reported that the
right ventricular free wall drains directly into the ante-
rior cardiac vein (which empties into the small cardiac
vein) or directly into the right atrium or thebesian veins.
The small cardiac vein, if present, may empty into the
coronary sinus, the middle cardiac vein, or the right
atrium directly. The location of the self-inflated balloon
of the coronary sinus catheter is unpredictable and may
cause occlusion of the posterior interventricular vein
(which drains blood from the right ventricle and the
posterior two-thirds of the septum) as it empties into the
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coronary sinus at the level of entry within the right
atrium.”'©*%2? Furthermore, back-leak of administered
cardioplegia may contribute to poor distribution.”” All of
these factors have contributed to right ventricular free
wall maldistribution of cardioplegia from the retrograde
coronary sinus route.

It appears that the development of collateral circula-
tion and the influence of collateralization are other
important factors that influence the distribution of car-
dioplegia. A well-developed myocardial collateral circu-
lation can provide protection against myocardial isch-
emic injury, but, ironically, the presence of extensive
coronary collateral circulation is a sign of advanced cor-
onary occlusive disease. The importance of well-devel-
oped coronary collateral circulation for preserving myo-
cardial performance been documented by
angiography,”' nuclear methods,** and contrast ultra-
son()gruphy.“ However, coronary angiography detects
vessels of more than 100 wm in diameter and can under-
estimate collateral flow.** Nuclear imaging technologies
are impractical during surgery and may not predict car-
dioplegia flow delivery during cardiopulmonary bypass

has

Table 3. ECG Prediction of Antegrade Cardioplegia
Distribution

Septum Apex RV

Myocardial contrast echocardiography score 1 or 2 = “+”
cardioplegia distribution

Sensitivity 10/14 (71%) 8/10 (80%) 4/7 (57 %)
95% ClI 42-92% 44-97% 18-90%
Specificity 1/1 (100%) 2/5 (40%) 3/6 (50%)
95% CI 5-100% 5-85% 12-88%
Positive

predictive value 10/10 (100%) 8/11 (73%) 4/7 (57 %)
95% ClI 74-100% 39-94% 18-90%
Negative

predictive value 1/5 (20%) 2/4 (50%) 3/6 (50%)
95% ClI 0-72% 7-93% 12-88%

Myocardial contrast echocardiography score 2 only = “+”
cardioplegia distribution

Sensitivity 8/10 (80%) 6/7 (86%) 3/4 (75%)
95% ClI 44-97% 42-100% 19-99%
Specificity 3/5 (60%) 3/8 (38%) 5/9 (56%)
95% ClI 15-95% 9-76% 21-86%
Positive

predictive value 8/10 (80%) 6/11 (55%) 3/7 (43%)
95% ClI 44-97% 23-83% 10-82%
Negative

predictive value 3/5 (60%) 3/4 (75%) 5/6 (83%)
95% CI 15-95% 19-99% 36-100%

Cl = confidence interval; RV = right ventricular free wall.
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Table 4. Angiogram Prediction of Antegrade Cardioplegia
Distribution

Septum Apex RV

Myocardial contrast echocardiography (MCE) score 1 or 2 = “+”
cardioplegia distribution

Sensitivity 13/14 (93%) 8/10 (80%) 4/7 (57 %)
95% ClI 66-100% 44-97% 18-90%
Specificity 0/1 (0%) 1/5 (20%) 1/6 (17%)
95% ClI 0-95% 0-72% 0-64%

Positive

predictive value 13/14 (93%) 8/12 (67 %) 4/9 (44%)
95% ClI 66-100% 35-90% 14-79%
Negative

predictive value 0/1 (0%) 1/3 (83%) 1/4 (25%)
95% ClI 0-95% 1-91% 1-81%

MCE score 2 only = “+” cardioplegia distribution

Sensitivity 9/10 (90%) 5/7 (71%) 1/4 (25%)
95% CI 55-100% 29-96% 1-81%
Specificity 0/5 (0%) 1/8 (13%) 1/9 (11%)
95% CI 0-45% 0-53% 0-48%
Positive

predictive value 9/14 (64 %) 5/12 (42%) 1/9 (11%)
95% ClI 35-87% 15-712% 0-48%
Negative

predictive value 0/1 (0%) 1/3 (33%) 1/4 (25%)
95% ClI 0-95% 1-91% 1-81%

ClI = confidence interval; RV = right ventricular free wall.

because of changes induced in the microcirculation by
cardioplegia administration.”* In the clinical setting, the
role of collateral circulation is critical. In a study re-
ported by Schirmer et al.,** the importance of correctly
identifying the adequacy of collateral flow was shown by
the finding of right ventricular dysfunction after CABG
surgery in patients with moderate (nonsurgical) stenosis
of the RCA that was not revascularized, whereas revas-
cularization of more severely stenotic RCA lesions was
associated with preservation of postoperative right ven-
tricular function.

In our study, the presence of a Q-wave myocardial
infarction implied that the vessel supplying the infarct
zone was completely occluded at the time of the infarct.
In addition, it was taken to mean that collateral blood
supply was insufficient to provide adequate blood flow
at the time of the infarct. Therefore, we presumed that in
patients having coronary artery bypass surgery, the pres-
ence of a Q-wave infarction on the preoperative ECG
suggested that antegrade delivery of cardioplegia would
be compromised to the region of myocardium perfused
by the infarcted vessel. However, we realize this may not
always be the case because that the infarct-associated
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vessel may recanalize (spontaneously or with thrombo-
lytic agents) after the infarction.”®

This study shows that in the presence of occlusive RCA
disease, knowledge of regional distribution of cardiople-
gia is difficult to predict because of variability in the
contribution of myocardial collateral flow and anatomic
variation of the coronary venous system. These findings
may help to explain the prevalence of right ventricular
dysfunction, including atrial fibrillation, commonly re-
ported, although these outcomes were not evaluated in
this study. We provide evidence to motivate further
investigation about the relation between cardioplegia
distribution and functional recovery, without assuming
that combination delivery techniques or isolated ante-
grade delivery may provide complete cardioplegia distri-
bution to the entire myocardium. Direct knowledge of
cardioplegia distribution may be used to modify myocar-
dial protection strategies. For example, right ventricular
protection after antegrade and retrograde delivery may
still necessitate (1) initial saphenous vein grafting to
bypass the myocardial region subtended by the RCA and
(2) direct infusion of cardioplegic solution through the
completed distal RCA graft to the myocardial target tis-
sue. If adequate collaterals are shown by intraoperative
MCE, then the need for any special modification (e.g.,
sequence of grafts or retrograde coronary sinus cannu-
lation) in myocardial protective strategies would be ob-
viated.

The limitations of this study include lack of demonstra-
tion of a functional outcome marker of cardioplegia
distribution. Clearly, assessment of regional myocardial
performance in regions that received cardioplegia and
regions that did not receive cardioplegia would help to
support the assumption that delivery of cardioplegia is
essential for providing myocardial protection. This study
did not assess the latter, because evidence of inadequate
cardioplegia by intraoperative myocardial contrast echo
prompted a change in cardioplegia delivery technique
used by the surgeon to achieve complete myocardial
delivery.

It could be argued that another limitation of this study
is the lack of an established gold standard with which to
compare the cardioplegic delivery measured with con-
trast echocardiography. Unfortunately no such clinical
gold standard exists. However, the assumption that con-
trast echocardiography measures microcirculatory flow
is not without supportive evidence” 3¢~ and there-
fore is a reasonable standard on which to base other
traditional monitoring techniques (e.g., electrocardiogra-
phy, angiography).
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Table 5. Interobserver Discordance

Patient Number Region MCE Scores Ante/Retro Third Observer Score
2 Septum 2 1 Retro 2
2 Apex 2 1 Retro 2
6 Apex 1 2 Ante 2
6 Septum 1 2 Retro 2
6 Apex 1 2 Retro 2
7 Septum 2 1 Retro 2
7 RV 1 0 Retro 1
8 Apex 0 1 Ante 1

10 Apex 1 2 Ante 1
10 Septum 1 2 Ante 1
10 Apex 2 1 Retro 2
10 Septum 2 1 Retro 2
12 Septum 1 2 Ante 1
12 RV il 0 Ante 1
8 RV 2 1 Retro 2

Retro
echocardiography.

Perioperative transesophageal echocardiography has
been shown to significantly influence clinical decision
making and to improve outcomes during mitral valvular
surgery,"” congenital heart surgery,*® and postoperative
management. " Its benefit during routine use in patients
undergoing elective coronary bypass surgery recently
was shown."> We report another application of intraop-
erative transesophageal echocardiography for patients
scheduled for CABG surgery.
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