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Left Ventricular Thrombi: Intraoperative Detection by
Transesophageal Echocardiography and Recognition of a Source
of Post CABG Embolic Stroke: A Case Series

Andrew Maslow, M.D.,” Edward Lowenstein, M.D.,t John Steriti, M.D.,* Robert Leckie, M.D.,* William Cohn,t
Michael Haering, M.D.*

INTRACARDIAC sources of systemic thromboembolism
are well known. We present a series of four patients un-
dergoing coronary artery bypass surgery (CABG), in which
unknown postinfarct left ventricular thrombi (LVT) were
detected intraoperatively by transesophageal echocardiog-
raphy (TEE). Our experience with detection and manage-
ment of LVT in cardiac surgical patients is discussed.

Case Reports

Case 1

A 65yrold man was admitted with an acute anterior wall myocardial
infarction (MI). Cardiac catheterization showed an LV ejection fraction of 0.45
with anterior and apical akinesis. No abnormalities were seen on the ventricu-
logram to suggest a mass effect. The patient was brought to the operating
room for CABG. Transesophageal echocardiography (multiplane TEE probe;
Hewlett Packard, Andover, MA) was performed after induction of general
anesthesia. The examination revealed LV systolic dysfunction with apical
akinesis and suggested a nonmobile protruding apical mass approximately 1
cm in diameter (figs. 1A and 1B). After institution of hypothermic cardiopul-
monary bypass (CPB), a three-vessel bypass was performed. Care was taken to
avoid vigorous manipulation of the ventricle and no LV vent was placed.
During removal of the aortic cross clamp, a spontaneous sinus rhythm devel
oped with a mean arterial pressure recorded from the right radial artery of
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40-60 mmHg. After several ventricular ejections, the arterial pressure de-
creased suddenly to 20 mmHg. A 20-gauge catheter was inserted directly into
the ascending aorta, revealing a mean arterial pressure in excess of 100
mmHg. A presumptive diagnosis of right radial artery embolus was made.
During this time, the patient’s cardiac rhythm deteriorated to ventricular
fibrillation. This was treated successfully with lidocaine and electrical defibril-
lation. After obtaining an atrially paced rhythm, there were several unsuccess-
ful attempts at separation from cardiopulmonary bypass. Evaluation by TEE
revealed severe LV dysfunction. The apical mass was no longer visualized.
Successful separation from CPB was achieved after placement of an LV assist
device. On the first postoperative day, a dense, left hemiplegia was noted. On
the second postoperative day, the patient became unresponsive, his pupils
were fixed and dilated, and he subsequently died. Autopsy revealed coronary
artery emboli and cerebral infarct consistent with embolic injury. Emboli
were reported to be organized. No thrombus was found in the cardiac
chambers or on the LV assist device cannulae,

Case 2

A 73-yr-old man with coronary artery disease and S/P MI was admit-
ted with postinfarct angina. Left ventriculography, performed during
cardiac catheterization, did not suggest any mass effect. During cath-
eterization, the patient experienced recurrent myocardial ischemia,
and intraaortic balloon counterpulsation was instituted. The patient
was taken to the operating room for CABG. Prebypass TEE evaluation
revealed moderate to severe LV systolic dysfunction with anterior and
apical wall akinesis and moderate to severe right ventricular systolic
dysfunction. A 1.5-cm diameter protruding mass with an echolucent
center, consistent with thrombus, was seen in the apex (fig. 2A). After
institution of CPB, a three-vessel bypass was performed. Care was
taken to avoid vigorous manipulation of the ventricle and no LV vent
was placed. After rewarming and before removal of the aortic cross-
clamp, the heart was allowed to fill with blood and TEE evaluation was
performed to determine the location of the mass. The mass was
observed freely floating in the left atrium (fig. 2B), but no mass was
apparent in the LV (fig. 2C). The heart was emptied, and while
undergoing CPB with the aortic cross-clamp in place, the thrombus
was removed via a left atriotomy and CPB was subsequently discon-
tinued. The patient was discharged neurologically intact.

Case 3

A 72-yr-old man with a history of a transmural MI 9 months prior to

admission, was scheduled for elective CABG. Pre-CPB TEE evaluation
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Fig. 1. Transesophageal images of the left ventricular (LV)
thrombus seen in case 1. (A) Thrombus in the LV apex (along
the inferior wall, as imaged from the esophagus. (B) Thrombus
in the apex, as imaged from the stomach. LA = left atrium; LV =
left ventricle; inf = inferior wall.

showed an aneurysmal akinetic apex and a 1.0-cm diameter, well-
demarcated, protruding, nonmobile echodense mass in the LV apex
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(fig. 3). Cardiopulmonary bypass and grafting proceeded uneventfully.
Vigorous manipulation of the LV was avoided and no LV vent was
placed. The heart chambers were examined by TEE before removal of
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Fig. 2. Transesophageal echocardiography images of case 2. (4)
Represents the precardiopulmonary bypass image of the apical
thrombus in the left ventricle (LV). (B) Shows the thrombus in the
left atrium (LA) before removal of the aortic cross-clamp. (C) The
thrombus is seen at the junction of the pulmonary vein and the LA,
and no thrombus seen in the LV. RV = right ventricle; RA = right
atrium; mv = mitral valve; LVOT = left ventricular outflow tract;
PV = pulmonary vein; LAA = left atrial appendage.
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PRI 1: 37.

TEE T: 28.
Fig. 3. Transesophageal echocardiography image of case 3. The small C

protruding thrombus (arrow) appears to be organized and sits in the Eg Qa f;s;ﬁ
apex of the left ventricle. LV = left ventricle; LA = left atrium. CARD. ANEST

HP TEE
the aortic cross-clamp. This examination revealed that the mass was no
longer in its original position. It was not possible to identify the mass
elsewhere in the heart. Cardiopulmonary bypass was discontinued
without difficulty and the operation was completed uneventfully. On
postoperative day 1, the patient had not awakened. Computerized
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tomography of the head revealed a large cerebral infarction consistent
with embolization. There was also evidence of uncal herniation. The
patient was subsequently declared brain dead

»
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Fig. 4. Transesophageal echocardiography images of case 4. The lo-
cation of the thrombus is indicated by the arrow. (4) The thrombus
in the antero-apical position of the left ventricle before cardiopulmo-
nary bypass (CPB). During CPB a four-vessel bypass, aneurysmorrha-
phy, and removal of the thrombus were performed. (BC) Clot on
both sides of the mitral valve after removal of the aortic cross-clamp
and before discontinuation of CPB. These fragments were removed
before discontinuation of CPB. The patient recovered without neuro-
logic sequellae. LV = left ventricle; IA = left atrium.
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Table 1. Types of Surgical Procedures in Which TEE Was Performed

Procedure N No WMA Hypokinesis Akinesis/Dysk LvT
CABG with CPB 473 197 137 139 S
CABG without CPB (mid CABG) 25 15 7 3 0
AVR/CABG 76 56 11 9 0
MVR/CABG 33 16 9 8 1
Other 7 7 5 5 2

CABG = coronary artery bypass graft surgery; CPB = cardiopulmonary bypass; AVR = aortic valve replacement; MVR = mitral valve replacement/reconstruction;
No WMA = no wall motion abnormalities; Hypokinesis = patients with areas of hypokinesis and no areas of akinesis/dyskinesis; Akinesis/Dysk = all patients with
akinesis/dyskinesis with or without hypokinesis; LVT = left ventricular thrombus.

Occurrence of wall motion abnormalities are reported.

August 1997). Wall motion abnormalities were seen in 333 (53%) of
Case 4 the studies. One hundred sixty-four patients (26%) had areas of
akinesis/dyskinesis. We detected LVT in eight patients. This repre-
sents 1.3% of patients undergoing CABG and TEE, 2.4% of patients
with wall motion abnormalities, and 4.7% of patients with areas of
akinesis/dyskinesis. Four of eight patients had nonmobile laminar
masses. Three of the four patients with nonmobile laminar masses
were known to have LVT before the intraoperative TEE study, one
of which had a previous neurologic injury believed to be caused by
emboli. Two of these four patients underwent LV aneurysmectomy,
in addition to CABG. The other two patients with nonmobile lami-
nar masses had a history of large MIs. All LVT were located in
akinetic/dyskinetic segments. All patients with LVT had nonmobile
aortic atheroma. There were no embolic sequelae (neurologic,
cardiac, renal, or other) recognized in any of the four patients with
laminar masses.

A 73-yr-old man had congestive heart failure. Preadmission echocar-
diographic examination revealed a dilated, globally hypokinetic LV
with an estimated ejection fraction of 0.15. No intracardiac masses
were seen. Cardiac catheterization showed global LV hypokinesis and
a dyskinetic apex. Ventriculography of the left side was not suggestive
of an intracardiac mass. Examination by TEE after induction of anes-
thesia revealed a dilated, severely hypokinetic LV with an aneurysmal
apex. Within the aneurysm, a 2-cm diameter protruding mass, consis-
tent with thrombus, was seen (fig. 4). The patient underwent four-
vessel CABG and ventriculoendoaneurysmorrhaphy with removal of
the apical thrombus. After removal of the aortic cross-clamp and before
discontinuation of CPB, echocardiographic reevaluation showed a mo-
bile mass consistent with a fragment of thrombus in the left atrium.
The heart was arrested and the aorta was cross-clamped. A left atri-
otomy was performed and the thrombus was removed. Subsequently,
CPB was discontinued and the patient required pharmacologic and
mechanical support. No intracardiac masses were seen during postby-
pass echocardiographic evaluation. The patient was discharged from

Discussion

the hospital neurologically intact on postoperative day 8.

After encountering these four cases, we retrospectively reviewed Left ventricular thrombi have been I'CpOI'tt‘d to occur

all recorded TEE studies of patients undergoing CABG (n = 624), in up to 30-45% of patients after acute anterior wall MI
since the start of our formal perioperative TEE program (May 1995~ and in less than 5% of patients after inferior wall M

Table 2. Breakdown of the 16 Cases Under the Heading of “Other” in Table 1
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Procedure N No WMA Hypokinesis Akinesis/Dysk LVT
AVR/MVR/CABG 5 3 1 1 0
AVR/CABG/aortic root repl 2 1 1 0 0
MVR/aneurysectomy/CABG 1 0 0 1 1
Aneurysectomy/CABG 1 0 0 1 il
VSD/CABG 1 0 0 1 0
AVR/PDA/CABG 1 1 0 0 0
CEA/CABG 2 0 1 1 0
TVR/CABG 1 0 1 0 0
MVR/TVR/CABG 1 0 1 0 0
ASD/CABG 1 1 0 0 0
MVR/ASD/CABG 1 1 0 0 0

CABG = coronary artery bypass graft surgery; CPB = cardiopulmonary bypass; AVR = aortic valve replacement; MVR = mitral valve replacement/reconstruction;
VSD = ventricular septal defect; PDA = patent ductus arteriosus; CEA = carotid end-arterectomy; ASD = atrial septal defect; TVR = tricuspid valve
replacement/repair;, No WMA = no wall motion abnormalities; Hypokinesis = patients with areas of hypokinesis and no areas of akinesis/dyskinesis;
Akinesis/Dysk = all patients with akinesis/dyskinesis with or without hypokinesis; LVT = left ventricular thrombus.

Data includes the type and number of procedures, number of cases in which left ventricular thrombi (LVT) was seen, and occurrence of wall motion abnormalities.
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Systemic embolism has been reported to occur in up to
36% of patients and is more likely with protruding or
mobile thrombi than with laminar thrombi.>® The ma-
jority of thrombi occur in the apex and are associated
with an abnormality of ventricular wall motion, particu-
larly akinesis or dyskinesis.'”* Thrombi typically appear
within 10 days"* of an MI and 96% are present within 2
weeks.*

Echocardiography has proven to be a useful tool in the
diagnosis and evaluation of cardiac masses.” ! A mass is
considered to be a thrombus when it has a separate
endocardial surface, has different acoustic properties,
and is seen in at least two different echocardiographic
windows. Thrombi typically occur in areas of low flow,
such as akinetic or dyskinetic myocardial segments.® The
differential diagnosis includes normal tissue (e.g., trabec-
ulae), tumor, and artifact. Transthoracic echocardiogra-
phy has been considered the preferred modality to visu-
alize ventricular thrombi.” ? Difficulties in detection of
LVT have come from poor acoustic windows (transtho-
racic echocardiography, 25%),”'" problems in obtaining
true apical views, and differentiation from normal tissue
structures such as apical trabeculae and false tendons.
Laminar thrombi may be more difficult to identify than
protruding thrombi. Although transthoracic echocardi-
ography has been the preferred technique, two studies
showed the superiority of TEE for detection of LVT,
including those in the LV apex.'?

Management options for LV thrombi include anticoag-
ulation without surgery'z‘” or aneurysmectomy with
thrombectomy."* Studies are not consistent with regard
to the benefits of anticoagulation. Spontaneous resolu-
tion of the thrombus without anticoagulation occurs in
30-76% of patients over 2 years.” The perioperative
mortality rate associated with aneurysmectomy may be
as high as 22%'* and has been reserved for cases of failed
maximal medical therapy for heart failure and embo-
lism.">

Failure to remove protruding or mobile LVT may in-
crease the risk of systemic embolism.””” Even minimal
manipulation of the ventricle may dislodge, fracture, or
dislodge and fracture the thrombus. Reevaluation of the
thrombus before removal of the aortic cross-clamp ne-
cessitates filling the heart to allow echocardiographic
visualization of the chambers. Retrieval of the thrombus
may prolong bypass time and necessitates atriotomy,
aortotomy, ventriculotomy, or each, all of which have
attendant morbidity. However, prevention of systemic
embolization may justify the increased risk.

We reported our experience with LVT. In these four
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cases with protruding thrombi, the thrombi were no
longer in situ at the discontinuation of CPB. When the
thrombi were removed there were no neurologic se-
quelae. In the patients in cases 1 and 3 the thrombi could
not be found after discontinuation of CPB. Both patients
had fatal neurologic events. Case 4 is a good example of
how a thrombus can be fragmented when manipulated.

Our practice includes a standard pre-CPB TEE evalua-
tion in patients with a history of large MI, severe ven-
tricular dysfunction, or both, to, among other things,
evaluate for the presence of thrombus. If present before
CPB, we will reexamine the cardiac chambers before
discontinuing CPB, with the cross-clamp still present.
The heart is filled to allow TEE imaging. If fragments are
found to be freely mobile, the heart is emptied and the
mass is removed. If imaging is inconclusive, epicardial
ultrasound imaging is performed.

In conclusion, post MI LVT detected intraoperatively
represents a risk factor for serious/fatal systemic emboli.
These thrombi invariably occurred in areas of akinesis/
dyskinesis and may go unnoticed despite preoperative
ventriculography, transthoracic echocardiography, or
both. Because protruding LVT may be dislodged or frag-
mented during CPB, TEE (or epicardial echo or both)
evaluation before removal of the cross-clamp may pre-
vent neurologic injury.
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Massive Pyramidal Tract Signs after Endotracheal Intubation: A
Case Report of Spondyloepiphyseal Dysplasia Congenita

Gerhard Redl, M.D.*

SURGERY in children with dwarfism is often a challenge
to the anesthesiologist because of craniocervical abnor-
malities, respiratory problems, and behavioral distur-
bances. I report a case of a young patient with spondy-
loepiphyseal dysplasia in whom massive pyramidal tract
signs developed after surgery and tracheal intubation.

Case Report

An 18-yr-old man with spondyloepiphyseal dysplasia congenita was
scheduled for surgery to remove retained hardware after surgical
correction of a genu valga. His height was 120 ¢m and his weight was
30 kg. Medical history included diabetes mellitus type I treated with
insulin. Former surgery of the genu valga, 3 months previously, oc-
curred uneventfully. Preoperative physical examination revealed tho-
racic kyphoskoliosis, a short neck, systolic murmur, and respiratory
arrhythmia. Laboratory data were within the normal range with the
exception of the blood glucose level. Plain radiography of the cervical
spine (no flexion/extension series) noticed only “little abnormality
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caused by spondylosis.” Surgery was planned using a balanced anes-
thetic technique. After administration of a nondepolarizing muscle
relaxant (vecuronium) and controlled ventilation for 3 min by mask,
the intubation was performed during direct laryngoscopy with a McIn-
tosh 3 laryngoscope blade (Rusch, Vienna, Austria). The procedure
was performed by an experienced staff anesthesiologist without using
a cervical collar. During induction and intubation, the head was main-
tained in moderate flexion. The anesthesiologist could visualize only
the posterior commissure, but nevertheless placed the tube, with a
guide wire inside, on the first pass. He described the procedure as “not
very difficult.” The intraoperative course occurred uneventfully. The
patient was extubated, and the early postoperative period in the

recovery room and at the ward was uneventful. On the first postoper-

Fig. 1. Computerized tomography of the cervicoocipital region.
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