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Stress echocardiography in the pre-operative evaluation of patients
undergoing major vascular surgery: are results comparable with
dipyridamole versus dobutamine stress echo?
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Introduction. Perioperative cardiovascular complica-
tions are an important cause of post-surgical morbility and
mortality in patients undergoing major vascular surgery.
Dobutamine Stress Echo is considered one of the met-
hods of choice in the detection of coronary artery disease
in this subgroup of patients.

Objectives. Our aim was to analyze if dipyridamole
stress echocardiography could be used as an alternative
to Dobutamine Stress Echo in the perioperative evalua-
tion of patients in need of major vascular surgery.

Patients and method. The result of consecutives dypi-
ridamole and dobutamine stress exams prior to vascular
surgery were reviewed. We analyzed if those patients
with a positive stress echo presented a higher number of
cardiac events during and after surgery than those with
negative stress echo. The negative and positive predicti-
ve values were calculated for both techniques.

Results. 133 stress exams were analysed: 39 with do-
butamine and 94 with dipyridamole. Of the 39 dobutamine
studies 2 were positive, 29 negatives and 8 non conclusi-
ve. Of the 94 dypiridamole studies 13 were positive and
81 negatives. None of the patients with a positive dobuta-
mine echo underwent surgery. The negative predictive
value for dobutamine echo was 96.5%, quite similar to
that of dypiridamole stress echo (97.5%).

Conclusion. Dipyridamole stress echocardiography is
a valid alternative to dobutamine echocardiography in the
pre-surgical evaluation of patients undergoing major vas-
cular surgery.
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Ecocardiografia de estrés en el preoperatorio de
cirugia vascular: ¢son comparables los resultados
con dipiridamol y dobutamina?

Introducciéon. Las complicaciones cardiovasculares
perioperatorias son causa de morbimortalidad posquirdr-
gica en pacientes sometidos a cirugia vascular. La eco-
cardiografia de estrés se usa como cribado para la detec-
cién de enfermedad coronaria en estos pacientes.

Obijetivos. El propésito del estudio es analizar si la
ecocardiografia de estrés con dipiridamol puede ser usa-
da como alternativa a la ecocardiografia con dobutamina
en la estratificacién prondstica de los pacientes que re-
quieren cirugia vascular mayor.

Pacientes y método. Se revisaron las ecocardiografi-
as de estrés con dobutamina y dipiridamol realizadas an-
tes de la cirugia vascular. Se analiz6 si los pacientes con
resultado positivo presentaron un mayor numero de
acontecimientos cardiacos durante y tras la cirugia que
aquellos con prueba negativa. Se calcularon los valores
predictivos positivos y negativos de ambas técnicas.

Resultados. Se han analizado 133 ecocardiogramas
de estrés. De éstos, 39 se realizaron con dobutamina y
94 con dipiridamol. De los 39 estudios con dobutamina,
dos fueron positivos, 29 negativos y ocho no concluyen-
tes. De los 94 estudios con dipiridamol, 13 eran positivos
y 81 negativos. Ninguno de los pacientes con ecocardio-
grama con dobutamina positivo fue intervenido. El valor
predictivo negativo para la dobutamina fue de 96,5%,
muy similar al del dipiridamol (97,5%).

Conclusiones. La ecocardiografia de estrés con dipiri-
damol es una alternativa valida a la ecocardiografia con
dobutamina en la valoracién prequirirgica de los pacien-
tes que van a ser sometidos a cirugia vascular mayor.
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INTRODUCTION

The prevalence of severe coronary artery disease in
patients who undergo major vascular surgery is high,
about 28%-36%. Many of these patients are asympto-
matic and their identification is sometimes complex.

Periperative cardiovascular complications, like acute
myocardial infarction, acute lung edema, and malig-
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ABBREVIATIONS

SE: stress echocardiography

nant ventricular arrhythmias are an important cause of
mortality and postsurgical morbidity in this such pa-
tients.

Screening for coronary artery disease in patients
who undergo major vascular surgery allows the detec-
tion of high-risk patients and prevention of cardiac
events during and after surgery by previous coronary
revascularization, the realization of a less aggressive
surgical intervention than initially programmed, admi-
nistration of additional perioperative medication,
and/or intensive intra and postoperative monitoring.

Since many of these patients are incapable of perfor-
ming a stress test because their capacity for physical
effort is limited, technical alternatives have been
sought, like ambulatory monitoring of the ECG, radio-
nuclide perfusion study, and dobutamine stress echo-
cardiography.

Stress echocardiography (SE) with dobutamine is
currently considered the technique of choice in the
preoperative assessment of these patients. Given the
existence of patients in whom dobutamine administra-
tion is contraindicated (severe arterial hypertension,
atrial fibrillation, use of beta-blockers or left ventricu-
lar hypertrophy with dynamic obstruction of the left
ventricular outflow tract), dipyridamole®!° could be an
alternative in the preoperative assessment of these pa-
tients.

There is no similar study in the literature that com-
paratively analyzes, in a single center, the results ob-
tained by stress echocardiography with dipyridamole
and dobutamine in the preoperative assessment of pa-
tients undergoing major vascular surgery.

Our aim was to determine if dipyridamole stress
echocardiography can be used as an alternative to do-
butamine stress echocardiography in the prognostic
stratification of patients who require major vascular
surgery.

PATIENTS AND METHOD
Study population

A retrospective study was made of 157 patients refe-
rred to our laboratory for stress echocardiography (SE)
as part of the preoperative studies for vascular surgery.
All patients were consecutive and all the stress echo-
cardiographies made for vascular surgery at our center
for 2 years are included in this group. Of 157 patients
in which preoperative stress echocardiography was
performed, 12 (6.9%) did not undergo surgery: in 10
had a poor acoustic window, 1 patient refused, and in
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the test was contraindicated in 1. In another 12 pa-
tients, the surgical intervention was not carried out, in-
dependently of the result of SE: 8 had severely depres-
sed left ventricular systolic function and 4 patients
refused. The remaining 133 patients constituted the
study population (age 63+11 years and 98% men).

Of the 133 patients in the study, dipyridamole and
dobutamine SE were performed in 94 (70.7%) and 39
(29.3%) patients, respectively. The use of one drug or
another depended on medical criterion and the clinical
characteristics of the patient. The choice of drug was
never based on the pretest probability of suffering is-
chemic heart disease, but on the presence or absence
of contraindications for a certain drug. Thus, dobuta-
mine was contraindicated in patients with severe arte-
rial hypertension, atrial fibrillation, use of beta-bloc-
kers, and left ventricular hypertrophy with dynamic
obstruction of the left ventricular outflow tract.
Dipyridamole was contraindicated in cases with severe
COPD, severe bradycardia, advanced atrioventricular
block, sick sinus syndrome, or cerebrovascular disea-
se.

The assessment parameters were: a) change of surgi-
cal decision based on the result of the SE, and b) car-
diac events: cardiovascular death, nonfatal myocardial
infarction, coronary revascularization, primary angina,
sustained ventricular tachycardia, and ventricular fibri-
llation.

Pharmacological protocol

Dobutamine. The dobutamine infusion was made th-
rough a peripheral vein, beginning with an infusion
rate of 10 pg/kg/min and increasing the dose every 3
min by 10 pg/kg/min for a total dose of 40 pg/kg/min.
This last stage lasted 6 min. If the test was negative af-
ter dobutamine infusion and the patient had not rea-
ched 85% of maximum frequency, atropine 1 mg was
administered.

Dipyridamole. The dipyridamole infusion was made
through a peripheral vein, administering a perfusion of
0.84 mg/kg for 6 min and a 1 mg dose of atropine 4
min after concluding perfusion.

Echocardiographic study

The studies were made with an Agilent Sonos 5500
echocardiograph, using harmonic imaging with trans-
mission and reception frequencies of 1.8 and 3.6 MHz,
respectively.

Blood pressure was determined and an electrocar-
diogram was made at baseline and the end of each sta-
ge. The reasons for stopping the test included: deve-
lopment of echocardiographic positivity, reaching 85%
of theoretical maximum heart rate, development of
progressive angina, severe ventricular arrhythmias,
and development of severe hypotension or significant
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hypertension.

Images were acquired with the patient in left lateral
supine position using standard planes in each patient
(longitudinal axis and short parasternal axis, as well as
the apical four-chamber and two-chamber section). A
specific digital analysis program of stress echocardio-
graphy was used. Images obtained at rest, with low
doses of medication, at maximum stress, and recovery
were stored. The studies were recorded on video and
digitized on optical disks in cine-loop format.

Segmental contractility was analyzed using the 16-
segment model recommended by the American
Society of Echocardiography!! and each segment was
graded on a 4-point scale: 1, normal; 2, hypokinetic; 3,
akinetic, and 4, dyskinetic. Ischemia was defined as
the appearance of a new disturbance in segmental con-
tractility that was not present in the baseline study and
involved at least 2 dependent segments of the same ar-
tery. The development of dyskinesia in akinetic seg-
ments in the study at rest was not considered ischemia.

Statistical analysis

Quantitative variables are expressed as meantstan-
dard deviation and qualitative variables as proportions
(percentages). The chi-square test was used to compa-
re proportions. The level of statistical significance
considered was a value of P<.05, although values
<.10 were also expressed. The positive and negative
predictive values of both techniques were calculated
for the detection of possible cardiac events during and
after surgery.

RESULTS
Study group. Clinical characteristics

Our study group was constituted by consecutive pa-
tients referred by the vascular surgery department for
preoperative study. The mean age of the patients was
63+11 years and 98% were men. The choice of drug
for SE was based on clinical criteria (in absence of
pharmacological contraindications). The stress moda-
lity was not chosen in accordance with the possible

Zamorano J, at al. Stress echocardiography in vascular surgery

prevalence of coronary disease or less favorable clini-
cal profile. In the 133 patients, the incidence of smo-
king, hypercholesterolemia, history of ischemic heart
disease, advanced age, or presence of three or more
risk factors was similar in both groups (Table 1).
Obviously, since severe hypertension is a contraindi-
cation for dobutamine echocardiography, there were
fewer hypertensive patients in this group (Table 1).
The dipyridamole echocardiography group had a lar-
ger number of patients with diabetes mellitus (Table
1).

Results of stress echocardiography

In patients with both dobutamine as and dipyridamo-
le SE, no complications or symptoms occurred during
the test that required the test to be discontinued.

Of the 133 patients studied, SE was positive in 15
(11.3%): 2 (5.1%) of the 39 dobutamine SE and 13
(13.8%) of the dipyridamole SE (P=NS). In addition,
8 dobutamine SE (20.5%) were inconclusive because
the patient did not reach a heart rate of more than 85%
of the maximum expected rate.

The surgical strategy was modified as a result of the
SE findings in 9 (6.8%) of the 133 patients (all with
positive SE): 2 patients (1.5%) underwent a less ag-
gressive intervention than originally scheduled and 7
patients (5.3%) did not undergo surgery finally.
Therefore, 126 of the 133 patients were finally opera-
ted. The intervention was carried out for peripheral ar-
terial disease of lower limbs in 62 cases (49.2%),
aneurysm of the abdominal aorta in 59 (46.8%), and
carotid disease in 5 (4.0%); general anesthesia was
used in 102 (81.0%) and epidural or local anesthesia in
24 (19.0%) (Table 2).

Of the 126 patients who underwent surgery, 8 (6.3%)
had positive SE (all dipyridamole SE). As mentioned
above, in 2 patients the type of intervention scheduled
was changed to a less aggressive operation. Another 6
patients with positive SE, of the 126 patients interve-
ned surgically, underwent previous coronariography,
which showed that all of them had significant coronary
disease. One of these patients underwent revasculariza-
tion by coronary angioplasty.

TABLE 1. Clinical characteristics of patients undergoing surgery

Risk factors Dipyridamole SE Dobutamine SE P

Arterial hypertension 58% 371% .046
Diabetes mellitus 22.5% 57% .035
Present or previous smoking habit 87.5% 91.4% NS
Hypercholesterolemia 34.9% 30.3% NS
Previous CVA 8% 2.9% NS
History of ischemic heart diseasea 23.6% 21.6% NS
Age>70 years 39.3% 37.8% NS
Three or more factors 59.8% 41.2% .071

2Angina, infarction, or previous revascularization. SE indicates stress echocardiography; CVA, cerebrovascular accident; NS, not significant
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TABLE 2. Relation between the result of stress echocardiography (SE) and type of intervention

Lower limbs

Aortic aneurysm Carotid surgery

General anesthesia

General anesthesia General anesthesia

Yes No Yes No No Total
Dipyridamole SE 35 9 38 5 2 89
Positive 2 2 4 0 0 8
Negative 33 7 34 5 2 81
Dobutamine SE 13 5 16 0 3 37
Positive 0 0 0 0 0 0
Negative 10 3 14 0 2 29
Inconclusive 3 2 2 0 1 8
Total 48 14 54 5 5 126
TABLE 3. Patients with cardiovascular events
General No. of risk
SE Result of SE Disease anesthesia Event factors
1 Dipyridamole Positive Aortic aneurysm Yes Angina (medical treatment) 3
2 Dipyridamole Negative Lower limbs Yes Angina (medical treatment) 3
3 Dipyridamole Negative Lower limbs Yes Angina (medical treatment) 2
4 Dobutamine Negative Lower limbs Yes Non-fatal infarction without Q wave 0
5 Dobutamine Inconclusive Lower limbs Yes Non-fatal infarction without Q wave 3

Cardiac events occurred in 5 of the 126 patients
(4.0%): 2 nonfatal myocardial infarctions without a Q
wave and 3 anginas that were controlled with medical
treatment. Two patients died after the intervention
from non-cardiac causes. Of the 5 events, 2 occurred
in patients with negative dipyridamole SE, 1 in a pa-
tient with a positive dipyridamole SE, 1 in a patient
with negative dobutamine SE, and one in a patient
with an inconclusive dobutamine SE (Table 3). Thus,
the rate of events was 12.5% (1/8) in patients with po-
sitive dipyridamole SE, 2.5% (2/81) in patients with
negative dipyridamole SE, 3.5% (1/29) in patients
with negative dobutamine SE, and 12.5% (1/8) in pa-
tients with an inconclusive dobutamine SE.

Consequently, the negative predictive valor of dipy-
ridamole SE and dobutamine SE for the occurrence of
cardiac events was 97.5% and 96.5%, respectively.

DISCUSSION

Risk stratification in patients preparing to undergo
major vascular surgery is frequently difficult. Many
patients suffer significant coronary disease that is not
clinically manifested by the physical inability to exer-
cise. In addition, limitations to physical exercise mean
that the stress test is generally not useful in these pa-
tients. On the other hand, disturbances in the baseline
electrocardiogram (bundle-branch block or left ventri-
cular hypertrophy) are relatively frequent. For all these
reasons, pharmacological radionuclide stress tests with
isotopes and pharmacological stress echography have
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been used for some time.

Stress echocardiography has been shown to have a
clear prognostic value in patients undergoing vascular
surgery, particularly with dobutamine, but also with
dipyridamole. Patients with positive SE have a greater
incidence of cardiovascular events, such as cardiac de-
ath or nonfatal infarction, in comparison with those
with negative SE. The experience of different groups
with dobutamine or dipyridamole indicates that these
tests have a high negative predictive valor, between
90% and 100%. Their positive predictive valor is
much lower, between 25% and 45%.

In the series of Poldermans et al., the presence of a
significant disturbance in parietal mobility in the do-
butamine SE was a predictor of risk of perioperative
events after multivariate adjustment for different clini-
cal and echocardiographic variables. The same group
reported that dobutamine SE is the most powerful pre-
dictor of late cardiac events after major vascular sur-
gery and is superior to simple clinical assessment. !

Sicari et al., '8 in the EPIC study of 506 patients as-
sessed with dipyridamole SE before vascular surgery,
demonstrated that the sensitivity and specificity of the
test for cardiac events were, respectively, 81% and
87%, with a positive predictive value of 28% and a ne-
gative predictive value of 99%.

The value of SE in the prognostic assessment of the-
se patients did not differ significantly from that of ra-
dionuclide tests. With respect to dipyridamole versus
thallium-201, the positive predictive valor in studies of
more than 100 patients was 4% to 20%, with the nega-
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tive predictive value for normal tests reaching 99% for
myocardial infarction and/or death. A meta-analysis of
15 studies in which dipyridamole and thallium-201
were compared with dobutamine stress echocardio-
graphy for the stratification of perioperative risk de-
monstrated that both techniques are comparable, alt-
hough the accuracy varies with the prevalence of
coronary artery disease.

Therefore, a positive SE can lead, in itself or after
taking into consideration other markers of perioperati-
ve risk, to taking measures such as using antianginal
drugs like beta-blockers, carrying out more intensive
hemodynamic and cardiac monitoring, performing less
aggressive surgery, or even canceling or postponing
the intervention.

Data comparing the prognostic value of dobutamine
SE and dipyridamole SE in patients undergoing vascu-
lar surgery is scarce. There has been no prospective
study in consecutive patients in which dipyridamole
SE and dobutamine SE were performed to compare
the alternatives of dipyridamole and dobutamine SE in
this type of patients. Our study demonstrated that the
negative predictive value for the occurrence of cardiac
events was very high for dipyridamole SE (97.5%) as
well as for dobutamine SE (96.5%). In our group, pa-
tients were not assigned to one modality of SE or anot-
her in relation to the pretest probability of suffering is-
chemic heart disease. What is more, the fact that
patients in the dipyridamole group had a less favorable
clinical profile only reinforced the hypothesis that this
modality of SE is an excellent alternative to dobutami-
ne.

Our results were similar to those obtained in the stu-
dies mentioned previously, which used SE to predict
perioperative ischemic events in patients undergoing
vascular surgery. As far as positive predictive valor is
concerned, it could not be studied in the case of dobu-
tamine SE because no patient with dobutamine SE fi-
nally underwent surgery. With regard to dipyridamole
SE, the positive predictive value was apparently low
(12.5%) (as reported in the literature), probably due to
several reasons: a) many patients with positive SE (5
of the 13 patients with positive dipyridamole SE) did
not undergo surgery; b) in some patients with positive
dipyridamole SE (n=2), the intervention that was fi-
nally performed was less aggressive than the interven-
tion initially scheduled, and c) it is likely that all pa-
tients with positive SE were subject to more protection
and monitoring, in order to reduce the incidence of
complications. In any case, we should not forget that
SE was carried out for a prognostic rather than a diag-
nostic purpose and that, therefore, a positive predictive
valor of 12.5% in this case implies an incidence of
cardiac events of 12.5%, which is relatively high.
Also, the 12% of events that patients with an inconclu-
sive dobutamine echocardiography suffered should be
noted, a finding that should be considered clinically
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when assessing this subgroup of patients.

Study limitations

This study has several limitations. In the first place,
many of the patients with a positive SE did not under-
go surgery. Nevertheless, this is inevitable in prognos-
tic studies of SE because decision-making is not indif-
ferent to the result of the SE. Secondly, dobutamine
and dipyridamole SE were not performed prospecti-
vely in the same patients, the populations were diffe-
rent. Although the use of dobutamine or dipyridamole
was decided on the basis of characteristics that were
not necessarily associated with the prevalence of coro-
nary artery disease, we cannot exclude a selection bias
of this type. Nevertheless, we must emphasize two
points. On the one hand, that a drug used in SE is ge-
nerally chosen on the basis of the clinical characteris-
tics of the patient, particularly the potential contraindi-
cation of dobutamine or dipyridamole. Consequently,
this bias is difficult to avoid. In addition, centering on
our population group, the only differences in the risk
factors that suggested a pretest probability of suffering
ischemic heart disease indicated that the most unfavo-
rable group (more hypertensive and diabetics) was the
group in which dipyridamole echocardiography was
performed. Nonetheless, the negative predictive valor
of the dipyridamole SE group was similar to that of
dobutamine, reinforcing the idea that dipyridamole SE
is a valid alternative to dobutamine in these patients.
This study does not contribute information about the
sensitivity and specificity of stress echocardiography
in diagnosis of ischemic heart disease in this subgroup
of population. It must be noted that this was not the
aim of the study and that many publications have re-
ported this information. For this reason, it was not
considered opportune to perform coronariography or
another test in order to calculate the sensitivity and
specificity of the test.

Finally, follow-up was restricted to the hospital,
so we cannot exclude the possibility that events took
place after hospitalization. Nevertheless, since the aim
of the study was to analyze the prognostic value of SE
in complications associated with vascular surgery, a
short follow-up was theoretically appropriate.

Conclusions and implications of study

In spite of its limitations, this study demonstrated that
the negative predictive value of dipyridamole SE was
similar to that of dobutamine SE in the presurgical as-
sessment of patients who underwent major vascular sur-
gery. The negative predictive values of both tests were
very high. The decision to use one drug or the other in
assessing these patients should be conditioned by indi-
vidual factors and the experience of each center.
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