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usual clinical course of these patients is sudden
death secondary to acute cardiac tamponade; how-
ever, some patients survive with tamponade for
several hours.2 M. F. O’Rourke is credited with the
description of the latter form as “subacute heart
rupture.”2 For the patient to survive this complica-
tion, there must be prompt diagnosis, hemody-
namic stabilization, and, when possible, surgical
repair.2-5

When one of these patients is admitted to the
operating room, the anesthesia team is con-
fronted with a multitude of challenges regarding
the anesthetic management because the patients
are gravely ill. This article reports of a case of sub-
acute postinfarction free wall rupture that was suc-
cessfully repaired using an innovative surgical
technique and discusses the issues involved in the
management of the patient.

Case presentation
The patient was a 74-year-old man who, 8

years before this admission, had undergone coro-
nary revascularization using the left internal mam-
mary artery to the left anterior descending artery
and saphenous vein grafts to the lateral marginal
and posterior descending vessels. On the day
before admission to our institution, he awakened
with severe retrosternal and epigastric pain. Upon

Rupture of the free wall of the left ventricle,
a relatively common complication of acute
myocardial infarction, is associated with a
high mortality rate. The clinical course can
vary from catastrophic, that is death, to
incomplete rupture with the formation of a
pseudoaneurysm. Subacute rupture is a
condition that demands expeditious
diagnosis and surgical repair if the patient
is to survive. Surgical repair can be
difficult at best. This article reports a case
of subacute rupture of the left ventricle that
was successfully repaired using a novel
surgical technique and discusses the
anesthetic implications surrounding the
case.
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Introduction
Rupture of the free wall of the left ventricle is a
complication that occurs in roughly 10% of
patients who experience acute myocardial infarc-
tions, and it is fatal in 90% of those cases.1 The
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admission to a local hospital, he was diagnosed as
having had a lateral wall myocardial infarction. His
hemodynamic parameters deteriorated progres-
sively; an echocardiogram demonstrated apparent
extrinsic compression of the right and left atria
with an ejection fraction of 40%. He was trans-
ferred to Crawford W. Long Hospital, Atlanta, Ga,
for further evaluation. Magnetic resonance imag-
ing revealed extrinsic compression of both atria by
what appeared to be a clot. A diagnosis of rupture
of the free wall of the left ventricle was made. It
was believed that the leaking blood had tracked
posteriorly, compressing both atria and causing
severe hemodynamic compromise. The decision
was made to decompress the heart and repair the
left ventricular wall.

The patient arrived in the operating room in
unstable condition. A left radial arterial catheter
was in place on arrival. Two large-bore intra-
venous (IV) catheters were inserted peripherally,
and a pulmonary artery (PA) catheter was inserted
via the right internal jugular vein. Initial hemody-
namic readings were as follows: blood pressure,
120/60 mm Hg; PA pressure, 41/18 mm Hg; pul-
monary capillary wedge pressure, 27 mm Hg; cen-
tral venous pressure (CVP), 33 mm Hg; and car-
diac index (CI), 1.7 L/min per square meter.
Initial arterial blood gas values obtained with the
patient breathing spontaneously via a nonre-
breathing mask with an oxygen flow of 8 L/min
were as follows: pH, 7.44; PO2, 63 mm Hg; pCO2,
22 mm Hg; and base excess, –8.3 mEq/L.

Anesthesia was induced using midazolam, 3
mg, and fentanyl, 900 µg; intubation was facili-
tated with vecuronium, 10 mg. A 39F left-sided,
double-lumen endobronchial tube was inserted
without difficulty, and the tube position was con-
firmed via fiberoptic bronchoscopy. A biplane
transesophageal echocardiogram probe was then
passed, and the echocardiogram showed global
left ventricular hypokinesis and an ejection frac-
tion of 35%. The right ventricle was compressed
by a clot in the pericardium, as were the right and
left atria (Figure 1). Anesthesia was maintained
using isoflurane at end-tidal concentrations of
0.25% to 0.60% in 100% oxygen, intermittent
boluses of fentanyl, and 1 additional dose of
vecuronium, 5 mg, before separation from car-
diopulmonary bypass.

The patient was positioned in the right lat-
eral decubitus position. Both groins were
prepped. The left side of the chest was opened, 1-
lung ventilation was begun, and 35,000 U of
heparin was given. The femoral vessels were can-

nulated, and femoral-femoral bypass was insti-
tuted. After opening the pericardium and remov-
ing the clot, the CVP fell from 28 mm Hg to 12
mm Hg, and finally to 4 mm Hg. Bright red blood
was weeping from a large area of necrotic
infarcted myocardium involving the lateral and
inferior left ventricle. The involved area was dried,
and a section of bovine pericardium was affixed to
the heart using cyanoacrylate (Krazy glue). The
patient’s native pericardium was then placed over
the patch and again fixed in place with cyanoacry-
late adhesive.

Before separation from cardiopulmonary
bypass, a loading dose of milrinone, 50 µg/kg, was
given over 15minutes, and an infusion of milrinone
was started at 0.5 µg/kg per minute. Norepineph-
rine infusion was required to maintain mean arte-
rial pressure between 75 and 85 mm Hg. Hemody-
namic parameters on this regimen were as follows:
blood pressure, 85/40 to 140/90 mm Hg; PA pres-
sure, 27/16 to 35/24 mm Hg; CVP, 12 to 16 mm
Hg, pulse, 120 to 160 beats per minute; and CI, 2.3
to 3.1 L/min per square meter with a rhythm of
atrial fibrillation. An attempt to insert an intra-aor-
tic balloon pump was abandoned because of severe
tortuosity of both iliac arteries. The heparin was
reversed with 300 mg of protamine. An effort was
made to treat the patient’s tachycardia using
digoxin, 0.5 mg IV, in divided doses and magne-
sium sulfate, 2 g, IV. Postbypass arterial blood gases
were as follows: pO2, 66 to 128 mm Hg; PCO2, 42 to
47 mm Hg; pH, 7.28 to 7.31; and base excess, –2.3
to –4.4 mEq/L. The hematocrit was 28.8% to 33.2%

Figure 1. An intraoperative transesophageal

echocardiogram showing compression of the left
atrium
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and the CI, 2.3 to 3.1 L/min per square meter. Four
units of packed red blood cells were transfused dur-
ing the postbypass period.

The enobronchial tube was exchanged for an
8.5 mm oral endotracheal tube, and the patient
was transported to the intensive care unit in stable
condition. Upon arrival in the intensive care unit,
the patient’s CI was 2.6 L/min per square meter,
with a PA pressure of 29/15 mm Hg and a CVP of
12 mm Hg. An electrocardiogram obtained in the
intensive care unit after surgery showed no acute
changes. The patient was weaned from inotropic
support on the third postoperative day and from
the ventilator on the fourth postoperative day. He
was discharged from the hospital on the 11th day
after surgery.

Discussion
Rupture of the free wall of the left ventricle is

the second most common cause of death after
acute myocardial infarction.6,7 Several features are
unique to this condition. It is more common in
elderly people and in women.1,4 It occurs most fre-
quently in patients experiencing their first
myocardial infarction with no previous history of
coronary artery disease,1,4,7 and it more frequently
occurs in patients with single vessel disease.4

There are 3 recognized forms of left ventric-
ular free wall rupture.6 The acute, or blow-out rup-
ture, is the most common form and is usually fatal.
Blow-out ruptures are associated with the rapid
development of massive hemopericardium and
electomechanical dissociation.2,6,8,9 The second
type is the subacute form with a small leak
through friable myocardial tissue.6,8 The third
form is the chronic type that eventually leads to
the formation of a pseudoaneurysm.6

The subacute form is of interest, because if
promptly diagnosed, it can be treated surgically
and offers the patient a chance for survival. The
initial signs and symptoms of subacute rupture of
the left ventricle may resemble those of other con-
ditions associated with acute myocardial infarc-
tion, most notably, extension of the infarction.5
The patient often has an uneventful clinical course
for several days after an acute transmural infarc-
tion and then experiences severe chest pain fol-
lowed by cardiovascular collapse, with signs of car-
diac tamponade6 (Table). The echocardiogram
shows a pericardial effusion with or without evi-
dence of cardiac tamponade.2,7 Pericardiocentesis
may be useful for establishing the diagnosis of
hemopericardium and therapeutic for temporarily
relieving the tamponade.2,6,8 In addition, pressure

measurements from a PA catheter will usually
show diastolic pressure equalization in all 4 cham-
bers.2,6 The CVP waveform shows a deep X descent
and a blunting of the Y descent.2 Figure 2 shows a
normal CVP waveform. Even though the initial PA
diastolic pressure was not typical, that measure-
ment was due to an artifact in the PA waveform,
and later PA diastolic pressures indeed showed 4-
chamber equalization of diastolic pressures. If the
patient’s condition can be temporarily stabilized
through the administration of fluids and the use
of inotropic agents, coronary angiography may be
performed to confirm the diagnosis, further

Table. Signs and symptoms of cardiac tampon-

ade

• Neck vein distention, cyanosis, pallor
• Quiet heart sounds
• Paradoxical pulse, a decrease in systolic blood
pressure greater than 10 mm Hg during inspiration

• Diastolic equalization of central venous pressure
(CVP), pulmonary artery pressure, and pulmonary
capillary wedge pressure, steep X descent, and
blunted Y descent on CVP waveform

• Electrocardiographic changes including:
Low-voltage QRS complex
Electrical alternans
T wave changes

• Echocardiographic evidence of pericardial fluid and
diastolic compression of the right ventricle

Figure 2. Normal central venous pressure

(CVP) waveform

The A wave on the CVP corresponds to the atrial con-
traction; the C wave is due to closure and bulging of
the tricuspid valve into the right atrium; and the V wave
represents filling of the right atrium while the tricuspid
valve is still closed. The X descent corresponds to the
right ventricular contraction, and the Y descent repre-
sents opening of the tricuspid valve and rapid filling of
the right ventricle.
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define the ruptured area, and provide informa-
tion about the presence of significant disease in
other coronary arteries.8

Successful medical management of patients
with subacute rupture of the left ventricular free
wall has been reported.7,9 In 1 study, the author
reported a survival rate of only 10% of patients
treated medically vs the almost 50% survival of
patients treated surgically.9 Surgical treatment is,
therefore, considered the definitive therapy for
this entity.2,3,5,6 The repair may be accomplished by
1 of 3 surgical techniques. Direct closure with
suture reinforced by Teflon felt is useful for small
lacerations. Second, the use of infarctectomy and
Teflon felt–reinforced suture closure is possible in
the case of a small infarction. Finally, a defect may
be closed using a prosthetic patch secured by
adhesives, suture, or both.6

Patients who have this complication will be
admitted to the operating room on an emergency
basis. Pericardiocentesis, if performed, may or
may not have relieved the cardiac tamponade. To
maintain adequate cardiac output, patients admit-
ted with tamponade physiology are likely to
require not only volume expansion with crystal-
loid, colloid, or blood, but also inotropic agents.5,8
Sudden hemodynamic compromise can occur
during the induction and maintenance of anes-
thesia secondary to the loss of the patient’s intrin-
sic catecholamines and can be further com-
pounded by the use of drugs with cardiac
depressant side effects. Cardiac function may be
hampered additionally by decreased venous
return secondary to positive-pressure ventilation.5
If the tamponade is severe, there may be compres-
sion of the coronary arteries with resultant
ischemia and further impairment of left ventricu-
lar function.5

The most effective therapeutic management
of this situation is expedient surgical drainage of
the pericardial fluid and institution of cardiopul-
monary bypass. Whether coronary artery bypass
grafts should be performed concomitantly with the
ventricular repair is controversial.6,8 Some authors
believe that the ventricular repair is a life-saving
operation, and to delay the surgery while perform-
ing another diagnostic study offers little benefit.6
Zeebregts et al6 believe that it is prudent to perform
bypass grafts only if indicated by previously per-
formed angiography or by palpation of a plaque in
the proximal coronary arteries or, if necessary, to
wean the patient from bypass. The possibility that
the patient may have unbypassed coronary artery
lesions must be considered after weaning from car-

diopulmonary bypass. Every effort must bemade to
optimize oxygen supply while decreasing myocar-
dial oxygen demand. Afterload reduction is useful
for decreasing wall tension on the newly repaired
left ventricular wall. Insertion of an intra-aortic bal-
loon pump should be considered to improve left
ventricular function and for afterload reduction.6 In
addition, the anesthetist must remain vigilant for
signs of cardiac tamponade, which could indicate
rerupture of the ventricle.

For the reported case, the surgeon opted to
repair a subacute rupture of the lateral wall of the
left ventricle with a patch of bovine pericardium
secured by cyanoacrylate adhesive. This technique
is an attractive option to cardiac surgeons because
of the difficulties associated with trying to suture
friable, infarcted myocardial tissue.3 The use of
commercially prepared cyanoacrylate adhesives is
controversial. The over-the-counter brands are not
prepared as sterile solutions. Robicsek et al3
addressed the concerns about sterility. The
authors took a variety of cultures from all 5 com-
mercially available brands. None of the cultures
grew any organisms.3 To further study the possi-
bility that cyanoacrylates may have some bacterio-
cidal activity, the authors placed glue disks on cul-
ture media that were then inoculated with known
organisms, and some antibacterial activity was
demonstrated.3 This bacteriocidal activity was
believed to be secondary to formaldehyde forma-
tion during the curing of the glue.3

The management of anesthesia is of para-
mount importance. These patients often arrive in
the operating suite in a severely compromised
hemodynamic state. The initial management is to
restore some form of hemodynamic stability. The
hallmark of therapy has been volume loading to
restore an effective filling pressure and thereby
improve cardiac output.5 The possibility of further
coronary artery disease is always a consideration
and is best dealt with through the maintenance of
mean arterial pressure, oxygenation, and oxygen-
carrying capacity. The use of nitroglycerin to
improve coronary blood flow is unwise in the light
of the preload reduction that accompanies the use
of nitroglycerin.

The induction of anesthesia should be
accomplished with minimal or no compromise in
cardiac function. Drugs such as thiopental that
have direct cardiac depressant effects should be
avoided. The use of fentanyl with a benzodi-
azepine, as in the present case, is widely reported
in anesthesia literature and believed to offer opti-
mal hemodynamic stability.5 All inhalation agents
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are cardiac depressants to varying degrees and
should be used with caution, perhaps at end-tidal
concentrations to maintain a bispectral electroen-
cephalographic index between 50 and 60. Neuro-
muscular blocking agents that release histamine
should be avoided. Before the use of relaxants that
have chronotropic effects, the status of the patient
regarding preexisting β-blockade should be
assessed. Generally a patient in this condition will
be tachycardic, and further increases in the heart
rate secondary to anesthesia are undesirable.

During the postbypass period, efforts should
be directed at tight hemodynamic control. Sudden
episodes of hypertension could have dire effects on
the newly repaired left ventricular wall andmust be
avoided. Afterload reduction with the use an intra-
aortic balloon pump is ideal but not always achiev-
able because of underlying disease conditions. In
these cases, phosphodiesterase inhibitors, the so-
called inodilators (amrinone, milrinone), have
been useful for inotropic support and for the
accompanying peripheral vasodilatation. The
vasodilatation can be sufficiently profound to
necessitate the use of α-adrenergic agents to main-
tain an acceptable mean arterial pressure.

This case illustrates the challenges faced by
the anesthetist when confronted with a patient
with left ventricular rupture. The patient arrived
in the operating suite on an emergency basis and
in unstable condition. Previous coronary artery
disease was known from the history of previous
coronary bypass surgery. The patency of the
grafts, however, was unknown and of concern due
to the recent infarction in the area supplied by one
of the grafts. The factors affecting cardiac oxygen
demand and supply had to be considered and opti-
mized before and after cardiopulmonary bypass.

This goal can be difficult to achieve despite assid-
uous management, as shown in the present case by
the tachycardia during the postbypass period.

The admission of a patient with this complex
condition is one the greatest challenges faced by
the anesthesia staff. The successful management
of the patient can also be one the most rewarding
experiences that a practitioner will experience.
The patient described in this article is a long-term
survivor of rupture of the free wall of the left ven-
tricle and is doing well.
REFERENCES
(1) Pasternak RC, Braunwald E, Sobel BE. Acute myocardial infarc-
tion. In: Braunwald E, ed. Heart Disease: A Textbook of Cardiovascular
Medicine. Philadelphia, Pa: WB Saunders Co; 1992:1256-1259.
(2) Coma-Canella I, Lopez-Sendon J, Nunez Gonzales L, Ferrufino O.
Subacute left ventricular free wall rupture following acute myocardial
infarction: bedside hemodynamics, differential diagnosis, and treat-
ment. Am Heart J. 1983;106:278-284.
(3) Robicsek F, Rielly JP, Marroum MC. The use of cyanoacrylate
adhesive (Krazy glue) in cardiac surgery. J Card Surg.1994;9:353-356.
(4) Padro JM, Mesa JM, Silvestre J, et al. Subacute cardiac rupture:
repair with a sutureless technique. Ann Thorac Surg.1993;55:20-24.
(5) Oliver W, DeCastro M, Strickland R. Uncommon diseases in car-
diac anesthesia. In: Kaplan J, ed. Cardiac Anesthesia. 3rd ed. Philadel-
phia, Pa: WB Saunders Co; 1993:847-849.
(6) Zeebregts CJ, Noyez L, Hensens AG, Skotnick SH, Laguet LK. Sur-
gical repair of subacute left ventricular free wall rupture. J Card
Surg.1997;12:416-419.
(7) Figueras J, Cortadellas J, Evangelista A, Soler-Soler J. Medical
management of selected patients with left ventricular free wall rup-
ture during acute myocardial infarction. J Am Coll Cardiol.
1997;29:512-518.
(8) Kalangos A, Panos A, Chatelain P, Vala D, Fromage P, Faidutti B.
Successful management of postinfarction left ventricular rupture
using a sutureless technique with concomitant myocardial revascular-
ization. J Card Surg.1997;12:243-246.
(9) Blinc A, Noc M, Pohar B, Cernic N, Horvat M. Subacute rupture
of the left ventricular free wall after acute myocardial infarction:
three cases of long-term survival without emergency surgical repair.
Chest.1996;109:565-567.

AUTHOR
James W. Bard, CRNA, CCRN, BS, is a staff anesthetist at The

Emory Clinic, Crawford W. Long Hospital, Atlanta, Ga.


