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pulse oximetry and capnometry. Moreover, since it takes
little time to assess its efficacy, it does not delay other
measures, should they be necessary. Finally, it may result
in complete reversal of cyanosis and return to a stable
and normal hemodynamic situation. This maneuver has
the same physiologic impact as surgical aortic cross-
clamping and therefore should not be unnecessarily pro-
longed.

We propose external manual compression of the ab-
dominal aorta as the first therapeutic step in treating in-
traoperative cyanotic spells associated with TOF. Whether
it also can be attempted in other circumstances (such as
out of the hospital) is not known.
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Transesophageal Echocardiographic Diagnosis of Aortic Dissection during Cardiac Surgery
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Aortic dissection during cardiac surgery is a rare com-
plication that is associated with significant morbidity and
mortality. Early recognition and management improves
patient outcome.! The intraoperative diagnosis of as-
cending aortic dissection is made when inspection of the
proximal aorta reveals bleeding, intramural hematoma,
or increasing aortic diameter. Visual inspection without
aortotomy provides little information regarding the se-
verity and extent of dissection. Dissection of the aortic
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arch and descending aorta during cardiac surgery is not
readily apparent.

The proximity of the esophagus to the thoracic aorta
and the high-resolution images produced by two-dimen-
sional ultrasound have established transesophageal echo-
cardiography (TEE) as an accepted standard outside of
the operating room in the detection and evaluation of
thoracic aortic dissection.>”” We report three cases that
illustrate the utility of TEE in the diagnosis and intra-
operative monitoring of acute aortic dissection during
cardiac surgery. The patients were monitored witha 5.0-
MHz TEE probe (Sonos 500, Hewlett-Packard, Ando-
ver, MA).

CASE REPORTS

Case 1. A 61-yr-old, ASA physical status 4, 55-kg, 157-cm woman
presented for repeat aortic and mitral valve replacements and tricuspid
valvuloplasty. Past medical history was remarkable for incompetent
bioprosthetic aortic and mitral valves leading to severe aortic and mitral
regurgitation, congestive heart failure, and pulmonary hypertension.

The TEE probe was inserted after anesthetic induction and tracheal
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intubation for the evaluation of valve function and left ventricular wall
motion and volume. TEE examination before initiating cardiopul-
monary bypass (CPB) revealed a normal ascending and descending
thoracic aorta and aortic arch. A left femoral arterial perfusion cannula
(20-Fr, William Harvey®) was placed prior to sternotomy. CPB was
instituted after systemic heparinization and individual cannulation of
the superior and inferior vena cavae. Mean right radial arterial pressure
was maintained at 50 mmHg with a 3.5-1- min~! GPB flow and appro-
priate pressure in the arterial perfusion line. Systemic hypothermia
was immediately followed by ventricular fibrillation, and the aorta was
cross-clamped proximal to the innominate artery with a shodded Craa-
ford clamp.

The aortic valve was replaced via a transverse aortotomy. Rewarming
was instituted after completion of the planned valvular surgery. After
closure of the aortotomy, and with a mean radial arterial pressure of
50 mmHg, the CPB flow was briefly reduced to 500 ml-min™!, and
the aortic cross clamp was removed. Radial artery pressure immediately
decreased to 10 mmHg and remained there despite reinstitution of
full CPB flow (3.5 1- min™'). The arterial catheter and tubing connec-
tions were intact, and the apparent hypotension was refractory to
phenylephrine administration. The aortic root was flaccid, whereas
resistance to left femoral arterial perfusion was unchanged. A right
femoral artery catheter was inserted and demonstrated a mean pressure
of 120 mmHg. Rectal and nasopharyngeal temperatures had steadily
increased in parallel after institution of rewarming. However, after
aortic unclamping, nasopharyngeal temperature plateaued at 33° C
despite the continued increase in rectal temperature to 37.5° C.

The TEE probe was repositioned to evaluate the thoracic aorta.
The aortic root appeared unchanged from the pre-CPB examination,
but the aortic arch demonstrated spontaneous echo-contrast, and no
flow could be demonstrated by color Doppler. A single lumen was
visualized in the descending aorta, and no intimal flap was discernible.
The surgeon cannulated the aortic root (24-Fr Flexible Aortic Arch
Cannula, Sarns®) and aortocaval CPB was instituted after a 15-s period
of circulatory arrest. Radial artery pressure increased to 60 mmHg.
TEE demonstrated the disappearance of spontaneous echo-contrast
and the reappearance of a color flow Doppler signal in the aortic arch.
After reinstitution of blood flow in the aortic root, a large intimal flap
extending distally from the aortic arch was discerned with TEE, after
which nasopharyngeal temperature increased and electromechanical
activity of the heart returned. The total time of hypotension measured
in the right radial artery was 40 min.

The patient was separated from CPB with inotropic support, gen-
erating a cardiac index of 1.8 1+ min™ - m™2 and demonstrating good
left ventricular function by TEE. The patient remained comatose from
massive cerebral infarction and died 4 days postoperatively secondary
to brainstem herniation.

Case 2. A 47-yr-old, ASA physical status 2, 104-kg, 198-cm man
presented for elective mitral valve surgery because of a flail anterior
leaflet secondary to ruptured chordae tendinea. Past medical history
was remarkable for hypertension and smoking. His coronary arteries
were normal.

The TEE probe was inserted after anesthetic induction and tracheal
intubation to enable assessment of the mitral valve for repair. After
median sternotomy and systemic heparinization, the anterior wall of
the ascending aorta was cannulated (24-Fr Flexible Arterial Cannula,
Sarns®). A 14-G cardioplegia cannula (DLP, Inc.) was inserted into the
aortic root after initiation of CPB and systemic cooling. Ventricular
fibrillation was immediately followed by cross clamping of the aorta
with a shodded Craaford clamp. Mean arterial pressure was 65 mmHg
or less during all cannulations and aortic manipulations.

During the administration of cold potassium cardioplegia, it was
noted that there was a high-resistance pressure in the cardioplegia
tubing and that the aortic root did not distend appropriately, and elec-
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tromechanical activity persisted. Immediate aortotomy revealed a dis-
section at the site of the cardioplegia cannula. Cardioplegia was infused
directly into the coronary ostia, resulting in an isoelectric electrocar-
diogram. The aortic root could not be visualized after aortotomy by
TEE because of air, but TEE demonstrated that the dissection did not
extend beyond the cross clamp. A prosthetic mitral valve was placed
via a left atriotomy, and the ascending aortic dissection was repaired
by oversewing with 3-0 polypropylene suture and felt strips.

After closure of the aortotomy, removal of air and removal of the
aortic cross clamp, the ascending aorta, aortic arch, and descending
aorta were reevaluated by TEE. The dissection was confined to the
aortic root with extension to the aortic annulus (fig. 1). TEE demon-
strated a structurally intact aortic valve with no valvular incompetence.
Before termination of CPB, the transgastric short-axis view of the left
ventricle revealed a new segmental wall motion abnormality in the
posterior—inferior wall. Acute ST elevation in leads II, I1I, and AVF
was consistent with transmural posterior-inferior ischemia of the left
ventricle. The TEE basal short-axis view at the level of the aortic root
demonstrated dissection surrounding the right coronary ostium, How-
ever, blood flow from the true lumen to the right coronary artery was
verified by color flow Doppler, and no communication between the
false and true lumens was apparent.

Coronary artery bypass grafting and further surgical interventions
were not pursued on the basis of the TEE findings. Coronary perfusion
pressure was increased with phenylephrine and nitroglycerin with con-
comitant monitoring for possible extension of the dissection into the
arch and descending aorta. Pharmacologic treatment resulted in nor-
malization of the ST segments and wall motion. The patient was sep-
arated from CPB without inotropic support. Postoperatively the patient
was hemodynamically stable and had no further evidence of myocardial
ischemia or extension of the aortic dissection.

Case 3. A 67-yr-old, ASA physical status 4, 40-kg, 160-cm woman
presented for elective mitral valve repair and tricuspid valve annulo-
plasty. Her past medical history included mitral and tricuspid regur-
gitation, congestive heart failure, pulmonary hypertension, and atrial
fibrillation.

The TEE probe was inserted after anesthetic induction and tracheal
intubation to enable assessment of the mitral valve for repair. The
patient was prepared for CPB as in case 2. Mean arterial pressure was
65 mmHg or less during all cannulations and aortic manipulations.
Before infusion of cardioplegia, the surgeon noted hematoma formation
in the anterior wall of the ascending aorta at the site of the cardioplegia
cannula. Immediate intervention included aortotomy and infusion of
cardioplegia directly into the coronary ostia. Visual inspection suggested
that the dissection was limited to the ascending aorta and was proximal
to the cross clamp. However, TEE revealed extension of the dissection
into the arch and descending thoracic aorta (fig. 2). Mitral and tricuspid
valvuloplasties were performed while the dissection was monitored by
TEE. After completion of the valvuloplasties, the right femoral artery
was cannulated, and CPB was maintained via vena caval-femoral artery
bypass. The ascending aorta was repaired during deep hypothermic
circulatory arrest with a 22-mm soft woven Dacron® interposition tube
graft. Separation from CPB required inotropic support and intraaortic
balloon counterpulsation.

After termination of CPB, TEE demonstrated a decrease in flow in
the false lumen of the descending aorta, severe global hypokinesis and
competent mitral and tricuspid valves. The patient’s cardiovascular
status continued to deteriorate despite maximal pharmacologic support,
and she died in the operating room.

DISCUSSION

Inareview of 6,943 cardiac surgical procedures, Mur-
phy et al.' reported a 0.35% incidence of ascending aortic
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Fic. 1. Two-dimensional echocardiogram,
basal short-axis view at the level of the aortic
root, demonstrating dissection in the ascending
aorta. Ao = true lumen; FL = false lumen; LA
= left atrium. Arrow: intimal flap. Top is pos-
terior.
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dissection. Long-standing hypertension,®!

than 50 yr,° the presence of cystic medial necrosis,
severe atherosclerosis of the aortic wall,'®'® Marfan’s
syndrome,” and history of aortic coarctation® are asso-

age greater
11-13

Fic. 2. Two-dimensional ultrasound image
demonstrating dissection in the descending
thoracic aorta. Ao = true lumen; FL = false
lumen; Arrow: intimal flap, Top is anterior.
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ciated with an increased risk of aortic dissection. Surgical
manipulation of the ascending aorta is the most common
initiating event.! Aortotomies for the arterial cannula,'®

cardioplegia cannula,' and vein graft anastomoses,

10,14

and
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clamping and unclamping of the ascending aorta®'? may
result in intimal injury and dissection. Proximal extension
of the dissection with involvement of the coronary ostia
and aortic valve place the patient at risk for dissection of
the coronary arteries, aortic valve incompetence, and
rupture of the aorta into the pericardium, Dissection into
the free walls of the heart may lead to an aortoatrial or
aortic-right ventricular fistula and atrioventricular
block.'?

The classic symptoms, acute severe interscapular or
precordial pain with radiation into the neck or arms,” are
masked in the anesthetized patient. The diagnosis during
surgery is made easily if there is an expanding ascending
aorta, hematoma in the aortic wall, or bleeding from areas
of incised adventitia or suture lines' (e.g., from the site of
proximal vein graft anastomosis). Small aortic dissections,
the extent of dissection, and dissections of the descending
aorta usually are not obvious. Blood pressure discrepancy
between different limbs is suggestive (as in case 1) but not
specific. Dissection involving the carotid arteries with dis-
ruption of cerebral blood flow may result in EEG
changes'® or disparity in nasopharyngeal and peripheral
temperatures with systemic rewarming (case 1). Disruption
of renal and mesenteric arteries may lead to renal failure
and ischemic bowel.'® Spinal cord infarction may result
in postoperative paraplegia.

The traditional methods for the diagnosis and evalu-
ation of aortic dissections are chest x-ray, aortography,®
computed axial tomography,'? and transthoracic!”"!® and
transesophageal®® two-dimensional'®® echocardiogra-
phy. With the exception of TEE, these methods are im-
practical in the intraoperative setting. TEE permits the
early recognition of aortic dissection, the monitoring of
progression, and the evaluation of surgical intervention.
The combination of transthoracic echocardiography and
'TEE has been shown to be more sensitive than computed
axial tomography and aortography in diagnosis.2*® The
upper portion of the ascending aorta cannot be visualized
with TEE because the air-filled trachea is interposed be-
tween the esophagus and ascending aorta.” TEE is es-
pecially suitable for identifying dissection.of the descend-
ing thoracic aorta® and frequently can distinguish the false
and true lumens. Distinguishing the true and false lumens
permits monitoring of disease progression and possibly
the origin of branching vessels, as in case 2. Color flow
and spectral wave pulsed Doppler can be used to identify
the lumen that has the higher-velocity blood flow and
possibly to identify the entry site from the true to the false
lumens.** Two-dimensional imaging of spontaneous echo-
contrast suggests sluggish or no blood flow? (as in case 1).
Movement of the intimal flap during systole usually is
toward the false lumen.

Diagnosis and evaluation of aortic dissection with TEE
is an skill learned only through months of dedicated
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training with an active echocardiography service. Properly
trained anesthesiologists”?! are qualified to make these
diagnoses. The attendance of a cardiologist experienced
in echocardiography”®? for the confirmation of these
complex findings may also be recommended. ‘

The utility of TEE in the diagnosis and evaluation of
aortic dissection outside of the operating room has been
well established.?~® In the cases reported above, TEE was
instrumental for the diagnosis, evaluation, and manage-
ment of aortic dissection introperatively. In case 1, the
intraoperative diagnosis and extent of dissection was first
established by TEE. The absence of a false lumen in the
ascending aorta permitted the placement of an aortic root
perfusion cannula. The return of flow to the aortic arch
with institution of arterial perfusion in the aortic root was
confirmed by TEE. In cases 2 and 3, aortic dissection was
suspected and was believed to be confined to the cardio-
plegia site in the ascending aorta. Intraoperative TEE
confirmed the diagnosis of aortic dissection and identified
the extension of the dissection to the descending thoracic
aorta (case 3) and toward the aortic annulus (case 2). In
case 2, TEE confirmed communication between the right
coronary artery and the true lumen, thereby making cor-
onary artery bypass grafting unnecessary.

Patient outcome depends on early recognition and
management. Mortality from aortic dissection during
cardiac surgery is 33% when the diagnosis is made intra-
operatively, compared to 78% when the diagnosis is made
postoperatively.! Although aortic dissection as a compli-
cation of cardiac surgery is uncommon, we believe that
imaging of the acoustically accessible segments of the aorta
should be part of every TEE examination. The diagnosis,
evaluation, and management of aortic dissection during
cardiac surgery can be accomplished earlier if surgical
manipulation of the aorta is followed by TEE examination
of the segments at risk. Examination of the thoracic aorta
immediately after aortic or femoral artery cannulation,
clamping, and unclamping is recommended. Femoral ar-
tery cannulation for CPB poses the risk of aortic dissection
in segments of the aorta that are not accessible for direct
visual inspection. Diagnosis of subclinical dissection and
intervention directed earlier in the course of aortic dis-
section may prevent prolonged periods of vital organ
ischemia, as in case 1. With increased availability and a
higher index of suspicion, TEE may become instrumental

in the diagnosis and monitoring of this ominous compli-
cation.
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Intraoperative Ventilator-induced Right-to-left Intracardiac Shunt
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The inadvertent introduction of air into the venous
system during surgery is believed to be fairly common
but is of limited clinical significance because of the typically

* Assistant Professor, Department of Anesthesia.

+ Fellow, Department of Internal Medicine.

1 Assistant Professor, Department of Internal Medicine.

§ Professor, Department of Anesthesia.

Received from the Department of Anesthesia and the Department
of Internal Medicine (Cardiology Division), Stanford University School
of Medicine, Stanford, California. Accepted for publication March 18,
1991.

Address reprint requests to Dr. Jaffe: Department of Anesthesia,
Stanford University School of Medicine, Stanford, California 94305-
5123

Key words: Embolism: air, Heart: patent foramen ovale. Monitoring:
intraoperative transesophageal echocardiography. Ventilation: con-
trolled; mechanical; positive end expiratory pressure.

small volumes involved and because of the filtering ca-
pacity of the lungs. However, even a small volume of air
entering the left side of the heart (paradoxical emboli-
zation) has the potential to obstruct portions of the ce-
rebral or coronary circulations with possibly disastrous
consequences.’

Paradoxical embolization is believed to occur most
commonly through the foramen ovale, which is known
from autopsy studies to be probe-patent in up to 34% of
the adult population.? Provocative maneuvers such as
coughing or Valsalva’s maneuver are known to cause rapid
changes in intrathoracic pressure associated with reversal
of interatrial pressure gradients.® Transthoracic echocar-
diographic studies using these maneuvers performed in
normal subjects and in patients before surgical procedures
reported a 6-10% incidence of patent foramen ovale
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