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The Angioplasty Numbers Game
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The disparity in acute outcomes of angioplasty in low- vs.
high-volume hospitals has narrowed as outcomes in general have

improved. Thus, minimum-volume standards need to be reevaluat-
ed, especially in sparsely populated regions of the country.

Source: Ho V. Circulation 2000;101:1806-1811.

Previous cross-sectional studies relating procedure
volume to outcomes have suggested minimum volume limits

for performing angioplasty. Such numbers, when embraced by
national organizations and health care payers, can have profound
influences on hospitals and the health care of sparsely populated
regions of the United States. Yet, outcomes over time have not been
studied. Thus, Ho, from the H.M. Olin School of Business at Wash-
ington University in St. Louis, Mo., examined an administrative
patient database of all hospital discharges in California from 1984
to 1996. The 355,673 admissions for angioplasty were evaluated for
the relationship between the number of procedures performed at the
hospitals vs. the bypass surgery and death rates during the same
hospitalization. Three time periods were assessed—1984-87, 1988-
92, and 1993-96. The number of angioplasties performed at each of
the 129 hospitals ranged from 1 to 1247, but over the three time
periods the median annual hospital volume increased from 89 to
200 to 272. In the early period, 93% of the hospitals performed
fewer than 200 angioplasties a year; whereas in the latest period
only 44% fell into this category. More than one-third of the patients
were treated in low-volume hospitals in the earliest period, and by
the latest period this was about 10%. In-hospital mortality and
bypass surgery rates in the early period were 2.5% and 12.4% for
low-volume hospitals and 1.3% and 6.9% for high-volume hospi-
tals. By the latest period, these numbers had fallen to 1.7% and
4.6% and 1.3% and 3.3%. Patient characteristics changed over
time: during the later period they were more likely women, older,
acute myocardial infarction (MI) victims subjected to multivessel
angioplasty, and sicker overall. A logistic regression model demon-
strated that the reductions in mortality and bypass surgery rates
over time in low-volume hospitals were greater in magnitude than
moving the average patient from a low-volume to a high-volume
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hospital in the same time period. Ho concluded that
over time the disparity in acute outcomes of angioplasty
in low- vs. high-volume hospitals has narrowed as out-
comes in general have improved. Thus, minimum vol-
ume standards need to be reevaluated, especially in
sparsely populated regions of the country.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
As a resident of a sparsely populated state, I have

always believed that volume minimums for procedures
such as angioplasty do not tell the whole story and have
cautioned against their codification in guidelines. How-
ever, the believers in numbers, most often physicians
from large-volume centers, have usually prevailed in
these debates. Thus, the ACC/AHA guidelines suggest
centers do at least 200 angioplasties per year. The data
in this paper suggest that this number may be lower
based upon a longitudinal look at a California database
that contains 18 hospitals performing fewer than 100
angioplasties per year. Although large-volume hospi-
tals still had lower acute mortality and a need for
bypass surgery rates, the difference narrowed apprecia-
bly as complication rates in general decreased over a
decade. Thus, the performance advantage of high-vol-
ume hospitals was small by 1996 and would not justify
the reduced patient access in less populated areas of
regionalizing this procedure.

Although there was a decrease in the numbers of low-
volume hospitals over the period studied, the results
were not explained by an increase in volume at low-vol-
ume hospitals. There were real improvements in out-
comes in low-volume hospitals. The reasons for such a
large improvement in the low-volume hospitals cannot
be ascertained from this administrative database. There
are no individual physician data, but previous studies
have suggested the individual physician volume is not a
major factor in hospital outcomes. Perhaps the guideline
assault on low-volume hospitals stimulated them to
improve outcomes at a greater rate than their high-vol-
ume brethren. Perhaps the latest equipment innovations
became available first at the high-volume centers and
only later at the low-volume centers. So as the field
matured, the equipment-related gains in outcome nar-
rowed between the two types of hospitals.

Despite these encouraging results for low-volume
hospitals, there are considerable limitations to these
administrative databases. Physician, patient, and hospital
characteristics that affect patient care are largely
unknown and may be important (i.e., physician training,
the patient’s ejection fraction, and availability of intra-
aortic balloon pumping at a hospital). Also, hospitals
may code admissions and diagnoses differently to maxi-
mize diagnosis-related groups. Despite these limitations,
Dr. Ho’s data should stimulate a reevaluation of the
numbers game in cardiovascular procedures.   ❖

Catastrophic Outcomes of
Noncardiac Surgery Soon
After Coronary Stenting
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Elective noncardiac surgery should be post-
poned for 2-4 weeks after coronary stenting to complete
the intensive antiplatelet regimen, avoiding in-stent
thrombus or excessive bleeding.

Source: Kaluza GL, et al. J Am Coll Cardiol 2000;
35:1288-1294.

Frequently, patients who are evaluated for
the risk of noncardiac surgery undergo coronary

revascularization to reduce their risk of a perioperative
cardiac event. However, little is known about the protec-
tive value of coronary stenting. Thus, Kaluza and col-
leagues retrospectively reviewed the outcomes of 40
patients who had stents placed less than six weeks prior
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to noncardiac surgery. The surgical procedures included
carotid endarterectomy in 12; aortic aneurysm resection
in nine; peripheral vascular surgery in eight; and other
surgeries requiring general anesthesia in the remainder.
All 40 patients received aspirin before stenting and at
least one dose of ticlopidine after stenting, but the con-
tinuation of antiplatelet drugs was variable. Periopera-
tive major events included seven myocardial infarctions
(MI), 11 bleeding episodes requiring transfusion, and
eight deaths. All but three of these events occurred in
patients who had surgery less than 14 days from stent-
ing. Time from stenting to surgery seemed to be the
major determinant of outcome. The mortality rate in the
25 patients operated within two weeks of stenting was
32%. MI, presumably due to in-stent thrombosis,
accounted for most of the deaths. Ticlopidine and aspirin
were discontinued before surgery and for a few days
afterward in most patients and seemed unrelated to the
subsequent events. Kaluza et al conclude that elective
noncardiac surgery should be postponed for 2-4 weeks
after coronary stenting to complete the intensive
antiplatelet regimen, avoiding in-stent thrombus or
excessive bleeding.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
This study has several limitations. It is retrospective,

uncontrolled, and involves a heterogeneous population.
A variety of stents were used and the surgical procedures
ranged from major (aortic aneurysm) to relatively minor
(femoral embolectomy). However, the results are robust,
with a 32% mortality in those operated within two weeks
of stenting. Also, the results are biologically plausible.
As Kaluza et al point out, stent implantation is a double-
edged sword. If antiplatelet drugs are withheld, the risk
of in-stent thrombosis is increased and if they are not,
major bleeding can occur. In their experience, both were
often fatal. Thus, they strongly recommend delaying
elective noncardiac surgery until the full course of inten-
sive antiplatelet therapy is over and do not believe that a
randomized trial is necessary.

Current recommendations for ticlopidine and aspirin
post-stenting call for 30 days in patients at high risk of
in-stent thrombosis and 14 days for the others. Since
ticlopidine effects may take 3-5 days to significantly
abate, an extra week’s delay is probably warranted.
Aspirin has similar pharmacodynamics, so both should
be withheld for a week after the full course of
antiplatelet therapy is completed. Aspirin should be
resumed 48-72 hours after surgery is completed.

Plain old balloon angioplasty (POBA), by contrast,
has been shown to reduce perioperative cardiac risks no
matter when following POBA, the surgery is done.

Clearly, the risk of acute thrombosis is less than with
stents, so ticlopidine is not routinely used. Thus, for the
patient who needs urgent surgery, POBA may be an
acceptable alternative in appropriate cases.   ❖

Failure to Admit Chest Pain
Patients with Acute Ischemia
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The “relatively low rate of misdiagnoses” will
be difficult to reduce further and improvement in ECG
interpretation ability and recognition that accelerating
angina is a reason for admission are two factors
amenable to improvement.

Source: Pope HJ, et al. N Engl J Med 2000;342:
1163-1170.

Alarge body of clinical literature has evolved
regarding the optimal approach to individuals present-

ing with chest pain to the emergency room. Chest pain
units become popular, and many hospitals have developed
algorithms and guidelines for the triage and evaluation of
such individuals. This study sought to analyze those factors
relating to inadvertent discharge from the emergency
department (ED), as well as to assess the outcomes of such
individuals. This was a multicenter study called the Acute
Cardiac Ischemia Time-Insensitive Predictive Instrument
(ACI-TIPI), which involved 10,689 patients seen in a total
of 10 institutions. The latter represented a wide spectrum
of hospitals throughout the country. The study period was
seven months (May-December 1993). Data were collected
in the ED, during hospitalization, and at 30 days. Patients
who were discharged from the ED were asked to return 24-
72 hours later for repeat evaluation, including an ECG and
myocardial muscle creatine kinase isoenzyme (CK-MB).
Follow-up rate was 99%. Seventeen percent of the entire
cohort met the criteria for acute cardiac ischemia; approxi-
mately half had acute myocardial infarction (MI) and half
with unstable angina. Another 6% were diagnosed with
stable angina, 21% were felt to have nonischemic cardiac
problems; the majority (55%) had noncardiac problems.
The ultimate proportion of subjects with unstable angina
who were missed and/or were not hospitalized was 2.3%
(22/956); for acute MI, it was 2.1%. There was consider-
able range among the 10 sites, with one institution missing
as many as 4.3% unstable angina patients and one institu-
tion missing 11.1% of acute MI patients. Eighty percent of
the patients who had a misdiagnosis were seen by an
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attending physician; half of these were felt to have noncar-
diac chest pain. A few had an erroneous ECG interpreta-
tion. Eighty-six percent of the patients with unstable angi-
na were seen by an attending physician; half were felt to
have stable angina. Misinterpretation of the ECG by the
ED staff was felt to occur in three of 19 patients. Clinical
features were analyzed that were related to failure to hospi-
talize. Multivariate analysis concluded that women
younger than 55 years of age, nonwhite patients, shortness
of breath, and a normal ECG were major confounding fac-
tors. Of the 19 patients with a misdiagnosis of acute MI,
70% were rehospitalized within 30 days, compared to 17%
of those individuals initially hospitalized with this diagno-
sis; 50% of the unstable angina patients sent out of the ED
were hospitalized within the first month, compared to 20%
of those with this diagnosis who were initially admitted.
The mortality rate for hospitalized and nonhospitalized
patients with AMI at 30 days was approximately 10%;
however, when risk adjustment was performed, the hospi-
talized patients had a 5.5% mortality rate vs. 9.8% in the
inappropriately discharged patients. The risk ratio of mor-
tality for failure to hospitalize with MI was 1.9, and for
unstable angina it was 1.7 (30-day mortality, 5.0 vs 2.1%
for those who were hospitalized). Pope and associates con-
clude that the overall rate of misdiagnosis of MI was
acceptably low and comparable to that in prior studies.

A small number of errors was made in not detecting
minor degrees of ST elevation (11%) “which represents an
important and potential contribution to failure to admit
these patients.” Younger women were less likely to be
admitted with acute ischemia. This is possibly related to sex
bias and atypical presentation, such as shortness of breath,
heart failure, and abdominal pain. The observation that non-
whites with unstable angina were sent home more than
twice as often as whites, and missed acute MI was four
times more than whites, has not been described previously.
Overall, 5.8% of blacks with acute MI were not hospital-
ized compared to 1.2% of whites. In the unstable angina
population, a number of individuals thought to have stable
angina actually had new or increasing angina symptoms
within three days. A normal or almost normal ECG was
quite common in individuals inappropriately discharged;
53% of the MI and 52% of the unstable angina patients
were in this category: three-fourths of the missed MIs were
non-Q. Pope et al conclude that the “relatively low rate of
misdiagnoses” will be difficult to reduce further and sug-
gest that improvement in ECG interpretation ability, and
recognition that accelerating angina is a reason for admis-
sion, are two factors amenable to improvement. Nonwhites
were 4-5 times as likely not to be hospitalized with an acute
MI, particularly if the initial ECG was normal or nondiag-
nostic. Those institutions with chest pain units did not have

a lower rate of misdiagnosis. Pope et al suggest that the
small number of hospitals is a study limitation, particularly
in that there were no rural hospitals and no hospitals with-
out ED physicians. They suggest that improved training in
ECG interpretation and recognition of those factors that
may obscure the diagnosis, particularly in women and non-
whites, is needed. They believe that diagnostic techniques
and evaluation strategies should continue to be assessed, as
well as efforts to better understand those.

■ COMMENT BY JONATHAN ABRAMS, MD
In the same issue of the New England Journal of  Medi-

cine, there is an editorial by Mehta and Eagle dealing with
this article, as well as a review article by Lee and Goldman,
entitled “Primary Care: Evaluation of the Patient with
Acute Chest Pain.” These three articles represent a valu-
able primer for all individuals who have an interest in the
problem of chest pain/myocardial ischemia decisionmak-
ing in the ED. When one examines the national experience,
it is common that only a small minority of individuals who
come to the ED with chest pain actually have a valid diag-
nosis of acute MI or unstable angina. The 17% rate in this
study is higher than in many, but not all, reports. Results
from the ACI-TIPI trial are reassuring, and suggest that
there is a relatively low level of misdiagnosis that may be
difficult to reduce significantly. Pope et al do not report the
algorithm used at the 10 study sites to exclude myocardial
ischemia, and therefore it is difficult to precisely compare
this trial to other reports in the literature. The recommend-
ed approach is to obtain biochemical markers of ischemia
(i.e., CK, CK-MB, and troponin) at presentation to the ED,
as well as 6-8 hours later. It is well known that these mark-
ers may be normal on admission, and that it may take
many hours for them to become abnormal. It is probably
more important to obtain a second set of enzymes and tro-
ponin than a second ECG. After myocardial necrosis is
excluded, many institutions proceed with some type of a
stress test before the patient is released from the ED. How
often this occurred in the present study is not reported.
Pope et al state that “serial measurements of creatine
kinase MB were carried out,” but further information is not
provided. No details regarding stress testing are available.

The fact that nonwhites and women (particularly
younger than the age of 55) frequently have atypical chest
pain presentation is of great importance to ED personnel
and other physicians who evaluate these patients on a daily
basis. A heightened awareness for possible ischemia is criti-
cal. Optimal ECG reading skills are important. It is unreal-
istic to expect that ED physicians will be as competent as a
board-certified cardiologist in recognizing subtle or mini-
mal ECG changes that suggest myocardial ischemia or
acute injury. The issue regarding the value of chest pain
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units is important and unresolved. Pope et al raise the ques-
tion as to whether these are truly effective and efficient,
whereas Mehta and Eagle suggest that a chest pain center
may decrease the frequency of a missed diagnosis. It is like-
ly we will not have an answer to this question for some
time. The national data thus far do not show a major change
in the misdiagnosis rate in established chest pain units.

The other side of the coin is also critical; far more
patients than need be are admitted to the hospital and ulti-
mately receive a diagnosis of noncardiac chest discomfort.
Thus, the cost of care and diagnostic testing of individuals
presenting with chest discomfort to the ED is enormous.
Therefore, the focus of our approach should be to try not to
miss the occasional patient who does not present with typi-
cal features or a diagnostic ECG, but also not to overadmit
or overtest patients who have features of noncardiac dis-
ease. Mehta and Eagle emphasize the use of careful history
and physical examination and assessment of traditional
risk factors as well as enhanced ECG skills. They also call
for routine exercise testing before discharge to help identi-
fy those patients at risk for an acute coronary syndrome.
They estimate that hospitalizations for noncoronary pain
result in health care costs of more than $5 billion annually;
prior literature suggests that 2-8% of individuals with acute
MI are actually released from the ED. Furthermore, the
fear of malpractice suits drives excessive admissions and
overtesting. As with so much in medicine, clinical judg-
ment and skills are mandatory. Employment of a strategy
using the history, the ECG, and serial biochemical markers
remains the best approach for the new millennium.   ❖

Clinical Profile of Young
Women with CAD
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Hyperlipidemia and the postmenopausal
state were most commonly associated with young
women who have CAD. Noninvasive testing does not
identify those with CAD, suggesting that a more inva-
sive approach is preferable in women with risk factors
for CAD.

Source: Gurevitz O, et al. Am J Cardiol 2000;85:
806-809.

Since young women have been identified as a
group in whom the misdiagnosis of acute ischemic

heart disease syndromes can often occur, Gurevitz and
associates examined clinical data on 135 women younger

than age 50 who were referred for coronary angiography
because of chest pain. Catheterization revealed coronary
artery disease (CAD) in 79, whereas 56 had no significant
CAD. After a two- to seven-year follow-up, the patients’
charts were examined. The mean age of 45 years was the
same for both groups. Previous myocardial infarction
(MI), hyperlipidemia, and postmenopausal state without
hormone replacement were significantly more common in
the women with CAD. Among the 61 women who had a
stress test before the catheterization, positive or negative
studies did not identify those with CAD. Of the 56 women
with no significant CAD, 88% had completely normal
coronary arteries. Most of the women with significant
CAD had single-vessel disease (61%). Revascularization
was performed in 82% of the women with CAD. During
the mean follow-up of 45 months, three women had acute
MI and five died. All of these women had CAD. Conges-
tive heart failure and subsequent revascularization were
also more common during follow-up in the women with
CAD, but there was no difference in admissions for chest
pain. Gurevitz et al conclude that hyperlipidemia and the
postmenopausal state were most commonly associated
with young women who have CAD. Unfortunately, nonin-
vasive testing does not accurately identify those with CAD,
suggesting that a more invasive approach is preferable in
women with risk factors for CAD.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
Although this study represents the women who made

it through the triage process and underwent cardiac
catheterization, it sheds some light on which young
women are more likely to have CAD and thus should be
more aggressively diagnosed. Not surprisingly, hyperlipi-
demia and the postmenopausal state were most predictive
of the presence of CAD among these women with chest
pain. Somewhat surprisingly, other risk factors such as
smoking, diabetes, and hypertension were not predictive.
Undoubtedly, this had something to do with the selection
process. In our hospital, we pay more attention to young
women with chest pain and any risk factors.

The incidence of CAD was quite high in this cohort
(58%), which again must be due to the selection process.
Epidemiological studies have suggested that CAD in
women younger than age 50 is still unusual. The fact that
most of the CAD was single-vessel disease is not surpris-
ing, but I was surprised that the left anterior descending
was the most commonly involved vessel, since LAD dis-
ease is usually the most readily detected by noninvasive
tests. With the high incidence of CAD in this group of
women it is remarkable that stress testing did not do a bet-
ter job of detecting CAD. Of course this has been reported
before, but usually in less selected groups where you
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would expect more false negatives. It is a tribute to the clin-
ical acumen of these physicians that they persevered and
did catheterization on these women with negative stress
tests. This would be hard to do in the United States (the
study was done in Israel).

The message here is that young women who present
with chest pain and have risk factors for CAD, especially
hyperlipidemia and the postmenopausal state, should be
managed aggressively, with cardiac catheterization being
seriously considered.   ❖

Tricuspid Annulus Excursion
in Heart Failure
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Tricuspid annular plane systolic excursion
(TAPSE) adds prognostic information to NYHA class,
LVEF, and E deceleration time in patients with conges-
tive heart failure due to LV systolic dysfunction.

Source: Ghio S, et al. Am J Cardiol 2000;85:837-842.

Reduced right ventricular function indicates a
worse prognosis in patients with congestive heart fail-

ure due to left ventricular dysfunction. Radionuclide and
two-dimensional echo right ventricle (RV) volume esti-
mates are problematic in many patients, thus Ghio and col-
leagues assessed the value of tricuspid annular plane sys-
tolic excursion (TAPSE) and Doppler mitral valve filling
parameters for their predictive value in 140 heart failure
patients. All had LV ejection fraction of less than 35% and
were on maximum medical therapy. There were 94 with
dilated cardiomyopathy and 46 with ischemic cardiomy-
opathy. Patients in NYHA class IV were eliminated. All
patients had right heart catheterization to determine ther-
modilution RV ejection fraction, which was used as the
gold standard for RV systolic function. Within an hour of
catheterization, echocardiography was performed and the
following parameters were measured: mitral Doppler E
deceleration, RV areas in the four-chamber apical view,
transverse RV axis diameters, and TAPSE. TAPSE was
measured from an m-mode of the lateral tricuspid annulus
in the four-chamber view. Three measurements correlated
significantly with RVEF: RV area change (r = 0.69), RV
diameter change (r = 0.68), and TAPSE (r = 0.62). After a
mean follow-up of 24 months, there were 45 deaths (22
sudden) and seven patients underwent transplantation.
Multivariant analysis showed that NYHA class III (hazard
ratio = 4) and TAPSE higher than 14 mm (HR = 3) were

independently predictive of death or transplantation. Only
97 patients had adequate Doppler data for analysis. Among
these patients, E deceleration less than 125 ms and LVEF
less than 20% also added to the predictive model. Ghio et
al conclude that TAPSE adds prognostic information to
NYHA class, LVEF, and E deceleration time in patients
with congestive heart failure due to LV systolic dysfunc-
tion. Also, TAPSE is easy to obtain even in patients in atri-
al fibrillation and tachycardia when mitral Doppler para-
meters are not measurable.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
Although several studies have shown the prognostic

value of RV function in heart failure patients, RV systolic
function is difficult to obtain. RV function measures by
radionuclide techniques are hampered by overlap of other
structures, tricuspid regurgitation, and the expense of these
studies. Echocardiographic estimates of RV volumes is dif-
ficult because of the complex geometry of the RV, which
measurements in one plane do not consider. Doppler
approaches are limited in this population, as this study
illustrates (possible in two-thirds). Thus, TAPSE is an
attractive surrogate for RV function that is easy to obtain in
almost all patients. Also, in this study it was superior to
many traditional measures of prognosis in heart failure
patients. The reason for this excellent performance is not
clear from this study, but may be related to the excellent
reproducibility shown in this study or that the long axis
excursion of the RV is most reflective of overall perfor-
mance. The reason RV function is of prognostic value in
heart failure may be multifactorial and different in each
patient. In some, it may reflect pulmonary hypertension
from severe LV dysfunction. In others, it may reflect a
severe diffuse myocardial process. Regardless of the mech-
anism, RV function is of prognostic value in heart failure
patients and TAPSE is an easy way to assess it.   ❖

Echo Wall Thickness and
Myocardial Viability
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: End-diastolic wall thickness is an important
measure of viability, and a value of less than 6 mm
almost excludes the possibility for recovery of function.

Source: Cwajg JM, et al. J Am Coll Cardiol 2000;
35:1152-1161.

Controversy still exists concerning the opti-
mal method of determining myocardial viability.
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Rest-redistribution thallium scintigraphy and dobuta-
mine stress echocardiography are popular techniques,
but their accuracy is less than ideal and they are
involved, expensive tests for which there are no stan-
dardized protocols. Thus, Cwajg and colleagues tested
the hypothesis that thinned myocardium on echocardiog-
raphy represents infarction and noncontractile myocardi-
um of normal thickness is viable. They performed rest
and dobutamine echocardiograms and rest-redistribution
thallium scans on 45 patients with coronary artery dis-
ease (CAD) and left ventricular dysfunction. Without
regard to these studies, revascularization was performed
and a rest echocardiogram was performed two months
later. Wall thickness measurements were done in
whichever views showed the myocardial segment best.
The resting echocardiogram exhibited 555 of the 585
possible segments and wall thickness could be measured
in 85% of the dysfunctional segments. The poorly visu-
alized segments were all in the apex of the left ventricle.
Thirty-eight percent of the dysfunctional segments
recovered resting function after revascularization (angio-
plasty in 31, bypass surgery in 14 patients). The seg-
ments that recovered function were thicker (9.4 mm vs
6.7 mm; P < 0.001). A receiver operating curve showed
that an end-diastolic thickness of more than 8 mm pro-
vided the best sensitivity (75%) and specificity (80%),
but at a cut-off of 6 mm, sensitivity was 94%, specificity
was 48%, and the negative predictive value was 93%,
which may be of more use clinically since maximum
sensitivity for viability is probably desirable. Similarly, a
thallium uptake of more than 60% had a sensitivity of
91% and a specificity of 50%. A combination of wall
thickness and any contractile reserve on dobutamine
stress had a sensitivity of 88% but a specificity of 77%.
Cwajg et al conclude that end-diastolic wall thickness is
an important measure of viability, and a value of less
than 6 mm almost excludes the possibility for recovery
of function.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
Pathologic studies have shown that irreversibly dam-

aged and necrotic myocardium is associated with early
thinning. Also, biopsies of viable segments have shown
less than 10-20% muscle loss. Thus, the hypothesis test-
ed had other support that made it reasonable. Surprising-
ly, wall thinning was just as good as thallium scintigra-
phy and is much more simple and less costly. The touted
biphasic response to dobutamine stress echocardiogra-
phy was more sensitive but less specific for the detection
of resting wall motion recovery after revascularization.
The combination of resting wall motion and the response
to dobutamine had the best results, but if wall thickness

in the acontractile segment is less than 6 mm, recovery is
virtually implausible, and the stress part of the test can
be omitted.

The major drawback to this approach is that only 85%
of segments can be visualized well enough on echo to
make reliable measurements of thickness. However, new
improvements in echocardiography, such as harmonic
imaging, may improve these results. The decision not to
revascularize seems fairly straightforward, but what
about the patient with a wall thickness in the noncontrac-
tile segment of more than 6 mm? Some would argue that
all these patients should undergo revascularization if fea-
sible since all the testing modalities, including position
emission imaging, have inaccuracies and any improve-
ment in left ventricular function will improve survival.
Therefore, wall thickness greater than or less than 6 mm
may be all you need to make the revascularization deci-
sions in patients with reduced left ventricular function
due to segmental wall motion abnormalities.   ❖

Results of Maze Surgery
for Lone Paroxysmal
Atrial Fibrillation
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The Maze III surgery is shown to be safe and
effective for lone paroxysmal atrial fibrillation. In
patients without sick sinus syndrome, this intervention
offers a sensible alternative to bundle ablation and life-
long pacemaker dependency.

Source: Jessurun ER, et al. Circulation 2000;101:
1559-1567.

Jessurun and colleagues from st. antonius hos-
pital in The Netherlands report on a series of 41

patients who underwent the Maze III procedure for con-
trol of paroxysmal atrial fibrillation (PAF). The patients
selected for surgery were younger than 70 years of age
and had frequent drug refractory PAF. Patients with sick
sinus syndrome, focal atrial tachycardia, or ventricular
arrhythmias were excluded, as were patients with known
structural heart disease or significant left ventricular dys-
function. The mean age of the patients was 49 ± 8 years,
with 35 of the 41 patients being male. They had had
arrhythmias for 5 ± 4.2 years prior to the procedure. The
surgical procedure involved amputation of the right and
left atrial appendages followed by a series of atriotomy
incisions designed to isolate the pulmonary veins and
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disrupt reentrant circuits in the atria. The procedure
required cardiopulmonary bypass. No other surgical pro-
cedures were required in these patients. Coumadin was
administered for up to three months after discharge.
After surgery, patients without recurrent AF underwent
programmed electrical stimulation before discharge and
then were followed up at three- to six-month intervals in
the outpatient setting.

The study group consisted of 41 patients. There were
no major complications or deaths associated with
surgery. The surgery was acutely successful in 35 of 41
patients (85%) who were free from PAF at discharge.
However, four of these 35 patients showed sinus node
dysfunction and one of these four eventually required
permanent atrial pacing.

After discharge, all patients remained alive during 31
± 16 months of follow-up. Eighty percent of all patients
remained arrhythmia-free off anti-arrhythmic drugs.
Two patients eventually underwent atrioventricular junc-
tional ablation and pacemaker implantation because of
recurrent drug refractory atrial fibrillation.

Echocardiograms were performed before and after
surgery. There was no significant change in right or left
atrial volumes or dimensions or in mitral or tricuspid
regurgitation grades. Exercise tolerance and quality of
life were improved in those patients who remained
arrhythmia-free after surgery.

■ COMMENT BY JOHN P. DiMARCO, MD, PhD
The Maze procedure was first described by Cox and

colleagues at Washington University. Subsequent modi-
fications in the surgical technique have been designed to
preserve sinus node function without sacrificing efficacy.
The procedure has the advantage that it does not require
complicated mapping procedures since it excludes or
isolates the common sites of focal atrial fibrillation and
disrupts reentrant pathways in both atria.

This paper by Jessurun et al provides a large series
from another center experienced in surgery for cardiac
arrhythmias. It shows that, in highly selected patients
without structural heart disease, the procedure can be
effective.

A major disadvantage of the Maze procedure is the
morbidity and expense associated with the procedure.
Newer techniques that use radiofrequency ablation to
create the liner ablation lesions are now being tested. If
effective, these new tools should shorten the time
required for the operation and may minimize late com-
plications. If these procedures could be used using mini-
mally invasive techniques that did not require cardiopul-
monary bypass, the procedure would no doubt gain
greater acceptance.

At present, the Maze procedure remains an option pri-
marily for patients with highly symptomatic PAF. In
young individuals, it is probably preferable to AV junc-
tional ablation, a procedure that requires permanent
pacemaker implantation. Newer techniques, such as the
atrial defibrillator and catheter ablation of atrial fibrilla-
tion if a focal source can be identified, should also be
considered, however, in this population.   ❖

CME Questions

31. Myocardial viability can be accurately predicted by:
a. rest-redistribution thallium imaging.
b. dobutamine stress echocardiography.
c. resting echo wall thickness.
d. All of the above

32. Women younger than 50 years of age with CAD are likely to be:
a. postmenopausal.
b. hyperlipidemic.
c. post-MI.
d. All of the above

33. Angioplasty outcomes in California:
a. have worsened over a decade.
b. are related to hospital volume.
c. are uniformly poor in low-volume hospitals.
d. suggest a hospital minimum of 600 per year.

34. After coronary stenting, elective noncardiac surgery:
a. can be performed any time.
b. should be delayed six months.
c. should be delayed 2-4 weeks.
d. should be done on aspirin and ticlopidine.

35. The most easily obtained measure of RV function of prognostic
value in heart failure patients is:
a. tricuspid annular plane systolic excursion.
b. mitral E deceleration.
c. RV area change.
d. RV diameter change.

36. The Maze surgical procedure for atrial fibrillation:
a. is successful in 80% of patients.
b. often results in the need for a pacemaker.
c. often worsens tricuspid regurgitation.
d. requires lifelong oral anticoagulation.

37. Experience with chest pain triage suggests that:
a. missed acute coronary syndrome patients are less than 5%.
b. atypical presentations are a clinical challenge.
c. inaccurate ECG reading remains an issue.
d. All of the above
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