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izing drug in this edentulous patient at risk for aspiration
and with possible phenytoin-induced resistance to a non-
depolarizing muscle relaxant.'? Isoflurane seemed a good
choice for an ill-nourished epileptic.'*

It is unclear why this patient was slow to awaken despite
mass spectrometer indication of little or no residual an-
esthetic. Temperature, urinary output, electrolytes, and
arterial blood gases were normal in the immediate post-
operative period, and there was no sign of central nervous
system changes once the patient awakened. Prolonged
sedation from the preoperative medications is a posstbility,
although it seems doubtful in consideration of phenytoin-
induced liver enzyme stimulation.'> However, valproic
acid has the opposite effect.'® The patient’s preoperative
liver function tests were normal.

Although one cannot generalize from a single case, this
patient’s anesthesia, except for a slow emergence, was un-
eventful and may provide useful guidelines for those re-
sponsible for providing anesthesia to a patient with Kufs’
disease.

The author thanks A. J. Wright, M.L.S., clinical librarian at the
University of Alabama, Birmingham Department of Anesthesiology,
for his diligent search of the literature.
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defects in children and thereby cause low-output syn-
drome and difficulty separating from cardiopulmonary
bypass. Suggested etiologies for right ventricular dys-
function after surgical repair include: myocardial ischemia
due to inadequate protection during bypass; exacerbation
of preexisting right ventricular hypertrophy and dilation
due to chronic congenital heart defects; right ventricu-
lotomy; pulmonary artery hypertension; and direct dam-
age during surgical repair to the right ventricle or tri-
cuspid valve apparatus.! We report a case of intramyo-
cardial air identified intraoperatively by epicardial
Doppler echocardiography (echo-Doppler) contributing
to right ventricular dysfunction during congenital heart
surgery in a child and suggest a management plan.
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CASE REPORT

A 6-yr-old, 19-kg child presented with a history of bacterial endo-
carditis and a large mitral valve vegetation associated with moderate
to severe mitral regurgitation. She underwent left atrial exploration
and excision of a left atrial thrombus because of the possibility of em-
bolization and further deterioration of the valve. The patient had a
history of Staphylococcus aureus osteomyelitis complicated by bacterial
endocarditis that resulted in the mitral vegetation. Anesthetic man-
agement consisted of fentanyl 75 ug/kg, intermittent doses of pan-
curonium for neuromuscular blockade, and controlled ventilation.
Monitoring consisted of seven-lead ECG, pulse oximetry, end-tidal COy,
esophageal and rectal temperatures, peripheral arterial catheter for
continuous monitoring of blood pressure, and a right internal jugular
venous catheter for central venous pressure measurement. Prebypass
management was uneventful, and routine prebypass epicardial echo-
cardiography showed normal right and left ventricular wall motion
with systolic thickening in a short-axis view of the ventricles. A long-
axis view demonstrated the presence of a left atrial thrombus attached
to the mitral valve (fig. 1).

Cardiopulmonary bypass was instituted, and the patient was cooled
to a nasopharyngeal temperature of 32° C. After hypothermic con-
ditions were achieved, the aorta was cross-clamped; crystalloid cardio-
plegia was given; and the left atrium was opened. A large thrombus
attached to the posterior leaflet of the mitral valve was visualized, as
described by the epicardial echo-Doppler. The thrombus was surgically
removed and the mitral valve carefully inspected. After the mitral
valve was assessed by inspection to be normal, the left atrium was al-
lowed to fill and the atriotomy closed. Venting procedures of the left
atrium and ventricle were performed and consisted of chamber bal-
lottement and placement of a needle vent hole in the ascending aorta.
The aortic cross-clamp then was removed; total cross-clamp time was
8 min. The heart spontaneously resumed normal sinus rhythm and
the patient was rewarmed to 36° C.

After the patient was rewarmed, separation from cardiopulmonary
bypass was attempted. Aortic inflow was reduced and filling of the
heart was accomplished by reduction of venous outflow from the right
atrial cannula. During separation from cardiopulmonary bypass, right
atrial pressure was noted to be high (12-15 mmHg) and mean systemic
arterial pressure to be low (30-40 mmHg). Visual inspection of the
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heart revealed a hypocontractile right ventricle. Four-millimeter ST-
segment depression (leads IT and AVF) was noted. Epicardial Doppler
echocardiography was performed immediately in order to assess
whether a residual structural defect, i.e., a residual problem with the
mitral valve, or an abnormality of ventricular function could account
for the low-output syndrome. Epicardial echo-Doppler in the long-axis
view showed that the entire vegetation was removed, and color flow
mapping demonstrated no mitral regurgitation. In the short-axis view,
however, a dense, echogenic area in the right ventricular free wall and
intraventricular septum, and flattening of the septum toward the left
ventricle, was noted (fig. 2). In addition, the right ventricle was noted
to be dilated and poorly contractile, and the left ventricle underfilled
when compared to the prebypass echo-Doppler study. No microbubbles
were seen in the left ventricular cavity. Based on the echacardiogram,
a diagnosis of intramyocardial air in the distribution of the right cor-
onary artery was made. Subsequent visual examination of the coronary
arteries by the surgeon revealed several very small air bubbles traversing
the epicardial portion of the right coronary artery.

Cardiopulmonary bypass was reinstituted, and the patient was re-
perfused for 10 min to allow ventricular ejection to occur. In addition,
systemic blood pressure was increased with phenylephrine 50 ug. ST-
segment depression was observed to resolve. On bypass after reper-
fusion, repeat epicardial echo-Doppler revealed decreased chamber
size of the right ventricle, normal position of the interventricular sep-
tum, normal wall motion of the right ventricle, and disappearance of
the echo-dense area in the right coronary artery distribution (fig. 3).
The patient was subsequently separated from cardiopulmonary bypass
without difficulty and without the use of inotropic support. Repeat
epicardial echo-Doppler after bypass confirmed resolution of the prob-
lem. The remainder of the postoperative bypass period was unre-
markable. The patient was taken to the postoperative intensive care
unit in satisfactory condition and with no inotropic support. Postop-
erative follow-up revealed no neurologic sequelae.

DISCUSSION

Right ventricular dysfunction and occasionally right
ventricular failure have been reported after repair of
congenital heart defects in children.? The occurrence of
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F1G. 1. A prebypass epicardial echocar-
diogram in the long axis view, demon-
strating the presence of a left atrial throm-
bus (arrow) attached to the mitral valve
(MV). LV =left ventricle; RV = right
ventricle.
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right ventricular dysfunction and failure after cardiac
surgery is more common in children than in adults.? Pre-
sumably, the higher incidence of right ventricular abnor-
malities and the preponderance of operations on the right
ventricle associated with congenital heart defects account
for the greater frequency in children. The manifestation
of right ventricular dysfunction usually occurs during the
process of separation from cardiopulmonary bypass and
is noted clinically by high right atrial filling pressures,
tachycardia, and low cardiac output syndrome. When it
occurs, the presence of right ventricular dysfunction
complicates separation from cardiopulmonary bypass.
In the current case report, we have identified intra-
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FiG. 2. A two-dimensional echocardio-
gram in the short axis view across the ven-
tricles (left ventricle, lower cavity; right
ventricle, upper cavity) demonstrating the
presence of intramyocardial air (arrow) in
the interventricular septum and right ven-
tricular wall. The intramyocardial air ap-
pears as a dense “snowy" echogenic area.
Note the associated wall-motion abnor-
mality, appearing as a flattening of the in-
terventricular septum.

myocardial air as another cause of right ventricular dys-
function during the process of separation from cardio-
pulmonary bypass. The echo-dense area on the echocar-
diogram in our patient was similar in appearance to the
contrast intensity associated with microbubbles from the
use of sonicated contrast to assess the effectiveness of
myocardial revascularization after coronary bypass graft-
ing."'5 Since sonicated contrast was not used, it could not
account for the echo-dense area on echo-Doppler in our
patient. Air bubbles visualized in the right epicardial cor-
onary artery and ST segment changes on ECG provided
collateral evidence that it was very likely intramyocardial
air that was responsible for the echo-dense areas. On the

F1G. 3. A repeat epicardial echocardio-
gram after treatment with phenylephrine
and reperfusion on bypass demonstrates
decreased chamber size of the right ven-
tricle, normal position of the interventri-
cular septum, normal left ventricular con-
figuration, and disappearance of the echo-
dense area in the right coronary artery
distribution. LV =left ventricle; RV
= right ventricle.
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echocardiogram, the intramyocardial air was located in
the right ventricular free wall and along the inferior por-
tion of the intraventricular septum. This location is the
area supplied by the right coronary artery and suggests
air embolization of this vessel. Because the ostium of the
right coronary artery is located on the anterior aspect of
the aorta, any air emerging from the left heart, where it
may have accumulated during opening of the left side of
the heart, is more likely to embolize to this artery. In this
patient, the left heart was directly entered during repair.
[t is important to note that intramyocardial air occurred
despite the usual de-airing procedures prior to ventricular
ejection.

The incidence of coronary air embolus and intramyo-
cardial air after cardiac surgery is not known. Justice e
al.® was the first to report the occurrence of coronary air
embolism after coronary artery bypass grafting. In a more
recent study examining the complications of cardiopul-
monary bypass, Thomas’ reported air embolism to be a
common problem, but did not mention the specific oc-
currence of coronary artery embolism and intramyocar-
dial air as a complication. A recent study examining the
fate of retained intracavitary air after cardiopulmonary
bypass as determined by transesophageal echo-Doppler
demonstrated the high occurrence of intraventricular air
in patients having valve operations.® Of relevance in this
study was the detection of intraaortic air in a small number
of patients and the detection of a right coronary air em-
bolism in one patient. Another report examining the same
problem demonstrated the high incidence of retained in-
tracavitary air, but did not address the question of whether
air embolized to the coronary arteries.” None of these
studies reports the occurrence of intramyocardial air after
congenital heart surgery.

In our previously reported intraoperative echo-Doppler
series,'® pre- and postbypass echo-Doppler examinations
were performed in 350 consecutive patients undergoing
repair of congenital heart defects through a median ster-
notomy. A review of this series, prompted specifically by
this current case report, revealed that there were 14 pa-
tients (4%) with intramyocardial air after separation from
cardiopulmonary bypass. Eleven of these cases were as-
sociated with either right ventricular or septal wall motion
abnormalities consisting of dyskinesia or absence of systolic
thickening, and occasionally were associated with in-
creased right ventricular chamber size with interventri-
cular septal bulging into the left ventricle as determined
by echo-Doppler. Five of these patients had associated
hemodynamic instability clinically noted during the sep-
aration from bypass. The location of the echogenic areas
was consistently in the right ventricular free wall and along
the inferior portion of the interventricular septum, similar
to the findings in the current case report.

Right ventricular wall motion abnormality and dys-
function were observed in our patient and presumably
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were due to ischemia. The importance of the right cor-
onary artery as a source of right ventricular ischemia and
dysfunction has been reported by several groups.!'
Rhodes and McIntosh** demonstrated experimentally
that coronary air emboli cause redistribution of blood
flow away from the subendocardium, thereby causing de-
creased ventricular function. Stegman et al.'? also ex-
amined the pathophysiology of intracoronary air emboli
experimentally and showed the time course leading to
myocardial ischemia to include ST-segment abnormalities,
arrhythmias, wall motion abnormalities, and cardiac fail-
ure. In our echo-Doppler series,'® only 5 of 14 patients
(36%) with intramyocardial air had hemodynamic insta-
bility after separation from cardiopulmonary bypass, as
identified by clinical observation and routine operative
monitoring. This finding suggests that when echo-Doppler
is not routinely performed, the occurrence of intramyo-
cardial air usually goes clinically undetected because it
does not cause hemodynamic instability in the majority
of cases. Thus, most cases of intramyocardial air produce
transient effects and more importantly, have no clinical
significance.

Recently, Bell et al.”” reported ST-segment changes as
a complication of repair of congenital heart disease. In
this report the authors attribute the ST-segment changes
to myocardial ischemia. Our case report identifies intra-
coronary artery air as a potential cause of myocardial
ischemia and of the ST-segment changes observed by
other groups. Furthermore, the transient findings asso-
ciated with intramyocardial air suggest that the acute de-
terioration occasionally seen in the immediate postoper-
ative period may in some cases be secondary to residual
intracavitary or intraaortic air embolizing to the right
coronary bed.

In our patient, hemodynamic instability was associated
with intramyocardial air, and management was directed
at reperfusing the coronary arteries. Cardiopulmonary
bypass was reinstituted at high flow rates (100-150
ml - kg™' - min~'), and phenylephrine was administered to
increase mean arterial pressure and to enhance right ven-
tricular perfusion pressure. The efficacy of this treatment
approach has previously been suggested experimentally.'
Reperfusion for 10 min at increased perfusion pressures
was performed. Thereafter, the repeat echo-Doppler
evaluation revealed resolution of the air and return to
normal of right ventricular function and septal wall mo-
tion. The patient was then successfully separated from
cardiopulmonary bypass. We believe that without the use
of echo-Doppler, this patient would have been treated
nonspecifically, with inotropic support and volume load-

LIS

1 Hines R, Biondi J, Barash P: The right ventricle: Master or servant?
ANESTHESIOLOGY 61:A8, 1984

** Rhodes GR, Mclntosh CL: An experimental evolution of coro-
nary air embolism. Surgical Forum 17:275-278, 1976.
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ing, and would have experienced a more gradual return
to normal of right ventricular function.

Echo-Doppler has been demonstrated to be helpful in
assessing problems associated with difficulty in separating
from cardiopulmonary bypass.'®*~!7 The routine use of
echo-Doppler allows the anesthesiologist and surgeon to
identify structural problems requiring immediate rerepair
and to identify myocardial dysfunction requiring specific
therapeutic support. The current report provides addi-
tional evidence for the diagnostic and therapeutic use-
fulness of this monitoring technique in the management
of congenital heart disease.

In conclusion, we have identified intramyocardial air
as another cause of right ventricular dysfunction occur-
ring after surgical repair of congenital heart defects and
as an event that may be associated with difficulty sepa-
rating from CPB. The occurrence of intramyocardial air
and right ventricular dysfunction are transient and pro-
duce no long-term impairment when efficiently recog-
nized and appropriately treated. The role of echo-Doppler
is helpful in identifying the problem and in guiding ther-
apy in patients with hemodynamic instability. Further, we
demonstrate in this report a successful management plan
for intramyocardial air.
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